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1. 

PHYSIOLOGICAL Z..lECHANISMS, ANALYSIS AND BEHAVIORAL 

SIGNIFICANCE OF THE ELECTRODER MAL RESPONSE 

INTRODUCTION 

n1is project was directed toward exploration of physiological mec:hanisms 

. imderlying the electrodermal response in the hopes of establishing a rational basis 

for quantitative treatment of this measure as a behavioral indicant. t further 

objective was to gain a better understanding of the adaptive function of eleccrodermal 

activity. It was presumed that the role of such activity in our "psY:chofogical" life 

can be understood if sue~ behavior is regarded as essentially a biological ·adaptation, 

modified to fit a social structure. Thus, if electrodermal activity is associatrd with 

profuse palmar sweating, and this can be shown to be defensive in function, one has 

grounds for interpreting such activitlr as a sign of fear or anxiety. If, on the other 

hand, othe;;; forms of electrodermal activity facilitate manipulation or exploration, 

one would put an entirely different interpretation on its app~.;--,nce. For example, if, 

in a situation which is potentially threatening, one notes evidence of the manipulative 
', 

type of electrodermal activation, it would s~em appropriate to conclude that the subject 

is engaged in coping behavior rather than that he is beset with alarm. 

The first portion of this three-year program was devoted primarily to pbysiologi~.l 

investigations. -An assortment of evider.~e, covered in the interim reports, helped to 

round out the partially elaborated physiological model of the eleccrodermal system·. 

Among these exp-:!riments were microelectrode observations on sweat ducts and the 

areas between the ducts, confirmation 1,;f potential responses from the nail red, study 

of the mechanically elicited local response, further examination of the effect of specific . 
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electrolytes on clcctrodcrmal responses, and !in:llly continuing srudics on the sweat 
.. 

) 

reabsorpt1on mechanism and its reflex control. These various findings, when 

integrated with other experimental evidence, lead to the formulation of a model in 

which swc:it reabsorption played a prominent role and in which such E-ctivity was 

reflected in the recovery limb of the skin conductance or resistance response. 

According; to this model the sweat gland has a dual function; if it secretes 

profu_sely, the skin surfa,;e becomes well-hydrated and resilient and is thus protected 

against abrasion. In a biological sense the animal is ilOW able to scamper over the 

rough ground away from danger without undue mechanical damage to his contact 

areas. For f'me manipulation, ·however, as may be involved in exploration. and . . - . 

.assessment of objects in the immediate surrounds, tactile requirements are such 
. . 

that the optimum level of surface moisture is somewhere inte:cmedh.te between dry 

and wet. It was supposed that regulation of surface moisture :it light to moderate 

hydration is largely a funci.:i.On of the activity of the sweat reab .. o:-:ption mechanism. 

Observation of conditions under which reflex sweat _reabsorption occurs led to the 

c;onclusion that this mechanism goes into action in preparation for "manipulative" 

tasks. This activity is reflected in increased positive-gohlg
0

skin potential responses 

and in acceleration of recovery of co~ductance re.sponses. 

The ~Jor effort of this fnvestigation was then directed toward the E:laborat1on 

of this recovery limb measure, in terms of its measurement, its relation to amplitude, to 
• 

conductance level, and to behavioral state. and to the comparisva of its discriminating 

strength with that of other electrodermal measures . This report summarizes progress 

) to date. It is broken into a series of separate topics related to these objectives. 

Material from the interim reports is brought in :is .::ippropri:ite to render as complete a 
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picture as possil:lc within. this report. One full-length paper, "TI1e information con-

tent of the recovery limb of the clcctrodcrmal response" (in press) has been in part 

supported by this contract and is included as part of :his final report since it summarizes 

the approach and findings in an optimal manner. 

In addition to th'e various sections on the recovery limb, there is one on the 

relation of vascular changes to skin potential shifts at the surface. Although some of 

this material was described in an interim report, it has now been completed and com­

posed as an integrated manuscript to be subrnittelf for publication, and is, therefore, 

included in toto in this report. 

.. 
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2. SUMMARY OF FL.'--'DINGS 

Several methods of mensuring the recovery r:ite of :in clcctrodcrmal response 

have been assessed and comp:ired. These inclucle several manua! methods llnd one 

electronic measure, all Mathematically derived from a·trcatment of d1c exponentiai 

curve. All suffer from uncertainty with regard to the asymptotic level approached 

by tr~ exponential portion of the recovery limb. One method of coping with this 

difficulty is to use a. logarithmic writeout in which case the slcpe of the recovery limb 

is an easily measured characteristic which is proportional to recovery rate and mde­

pendent of the necessity for deciding where the asymptotic level is. Even then, this 

h~lds trUe o~y if the as~pt~,tic voltage is zero, a situation which may be artifically 

produced by the use of capecitance coupling. For analysis of recovery rate of standard 

DC recordings by manual _techniques, the ''D". measure is the method of choice. This 

is a simple measurement, along the extended baseline, of the dis.tance intercepted by 

the altitude of the response and its steepest recovery slope. This measure was used 
. . 

for much of the behavioral study reported here. An electronic method using analog 

computation of ma."timum slopes of the ascending and descending limbs of a response 

was highly accurate for "clean" responses, but suffered gross inaccuracies whenever 

the ascending limb was composed of two or more slurred components. Another method 

which should lend itself readily to automatic on-line computation is the amplitude-slope 

method, but this has not yet been tested electronically. 
• 

.An examination of the feasibility of using capacitance-coupled recordings for 

calculation of recovery rate shows that such a procedure is acceptable proYided one 

uses a coupling time constant of 6 seconds or longer. This procedure reduces the 

sensithity oi the measure but the reladve measures are highly correlated. At a 



) 

5 

coupling time constant of 10 seconds, the loss of sensitivity becomes negligible for 

all but the very slowest recovery limbs. 

Recovery rate was found to be capo.ble of distinguishing between mo.ny be­

havioral states, even when response amplitude or response frequency could not. 

Thus, to name a few, it distinguished: orienting responses to a light flash from 

responses to the same flash when it took on signal properties, responses to an 

alert~g signal from those to a task-execution si~al, the resting state from various task 

situations, mirror tracing from back.'"wa.:i:d counting or cold presser exposure, problem 

solving from perceptual or psycho-motor behavior, a deception task from a reaction 

time task. 1n the course of these comparisons it was found that recovery rate be--
. . . 

. • " I 
came slower with habituation, even in a deception task, a::id th~t it was also slowed 

by the entry of a fright stimulus into a task situation. It failed to distinguish a decep-
• 

tive response from a non-deceptive response in a given serif'!s of queries when differ­

ences were compared across the entire population, but individual- subjects did frequently 

show a difference. The design of this experiment was unfortunately aimed at group 

analysis and the number of deceptive responses for a given subject was insufficient to 

evaluate this individual effect statistically. • 

An overview of the effect of the various task and stimulus situations upon electro·· 

dermal recovery rate indicates that acceleration of recovery reflects mobilization for 

goal-orient~d performance. That the determining factor was not general activation 
I 

per se was evidenced by the slow recovery accompanying a cold pressor exposure, 

shown by other electrodermal indicants to be as activating as were performance tests 

) associated with rapid recovery. 
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TI1e recovery measure for a given individual in a standard situation was 

shown to be relatively stable over a period of 5 consecutive weeks. There were large 

characteristic individual differences between individuals eve:.1 though they changed in 

the same direction when changing behavioral conditions. Efforts to find a behavioral 

trait associated with recovery rate were generally Wlsuccessful although fast recovery 

in a standard task (reaction time) was found to be associated with low anxiety (Sf Q), 

and with a tendency to maintain electrodermal response without habituation during 

a reaction time series. This was seen as further evidence supporting the interpreta­

tion of fast recovery as reflecting mobilization for goal-directed behavior, since these 

same subjects habituated to a series of non-signal tones just as fast as did subjects 

with slow recovery rate. It is still uncertain as to whether the difference in recovery 

rate between problem solving and simple perception indicates a specific difference in 

the effects of cognitive and perceptual behaviors on recovery, or_whether this simply 

means that the problem-solving task was associated with higher an."tiety. 

An examination of the relationship of recovery rate to other parameters of the 

:response showed it to have a low negative correlation with amplitude, that is, responses 

of higher amplitude in a given behavioral state tended to have slightly slower recovery. 

When measured between different behavioral states, however, there was •often a tendency 

for the reverse to be true. In view of the evidence showing that mobilization for goal­

directed behavior is associated with faster recovery, this observation probal:.?y reflects 

the fact that mobilization for task performance frequently causes ari increase in activation 

resulting in elt:.;trodermal responses of high amplitude. Thi-. same conside:ration probably 

explains the fact that recovery rate is related (positively) to skin conductance level in 

s9me situations (e.g., mirror tracing) but not in others (e.g., cold pressor). 
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During the course of a comparison of the dlscriminating strength of the 

recovery rate measure with other clectrodcrmal measures, a new frequency measure 

was devised. Tl:is measure is different from other measures of !'GSR frequency" or 

"count0 in that it examines, for any given task or epodi, not the total number of re: 
. 

sponses but rather the maximum frequency displayed in a "burst" of three consecutive 

responses. This measure, termed f max, demonstrated a surprising strength in 

dist~guishing between stimulus conditions, although not the same conditions as were 

distinguished by recovery rate. Thus f max distinguished the deceptive response from 

listening to instructions, but recovery rate was not able to do so. Contrariwise, 

recovery rate d:stinguis!1ed perception from problem so~ving while f max did not~ 

The highest· f max and the fastest recovery races were both found during the re3.ction 

) time test, but the level of f max: reached by any subject during this task, unlike recovery 

rate,. bore no relation to his trait anxiety. 

A companion study, one directed at the physiological basis of skin potential 

levels and changes, demonstrated that a one minute engorgement of cutaneous vessels 

produces a slow negative shift and upon release of the cuff a sudden positive shift. 
\ . 

With arterial occlusion these potential shift$ were opposite in direction and greater in 

magnitude. Although changes were generally not over 0.5 mv they raise the possibility 

that vasomotor responses may be accompanied by surface potential waves. Whether 

these shifts were mediated by an effect of the va.sculo.r state on sweat gland potentials 

or whether they represent changes in vascular potentials remains to be determined. 
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3. ON THE MEASUREMENT OF ELECTRODER~1AL RECOVERY RATE: 

RATIONALE 

The measurement of electrodermal rec.lvcry rate may be approached in several 

ways, all of which have in common the assumption that ·mere is an intrinsic recovery 

rate characteristic which may be the same for waves of greatly varying a.mplitudes. 

An example of such a con<i1cion is that for the exponential curve in which a characteristic 
' 

tin:.e .constant or rate consi:ant m.;.y be common to all members of a family of curves of 

different amplitudes. Darrow (1937) concluded that the recovery limb of thP. skin 

resistance response (SRR) is exponential in form, and additional evidence, i.O be pre­

sented here, supports tl\is interpretation. 

Methods for evaluatine the rate constant of the electtodermal recovery limb are 

)· suggested from examination of the differential eq~ation describing the exponential rela­

tion. The process described by this relation is one in which a variable changes at 

) 

a rate, d E/ ctt. which at any instant is a linear function of the magnitude of that variable. 

Thus, for the case-of voltage change in a condenser discharge. 

• 1) d£ 
dt 

which may signify, for example. that the voltage drops by 5% per second, in which case 

.05 is the constant characteristic of such a process. 

Rate Constant 

The integral of the above e."tpression provides the common expression f1>r 

exponential decay. namely 

• 
kt 



9 

7 where E
0 

is the starting level and E is inst'.lntancous voltage at time, t; k is the rate 

constant (re). If E is decaying to zero as its asymptote, 

3) 
--Jrt t:'- < e. r- - . .t::..o 

When t = 1/k, E = E0 /e• that is, it equals 37% of its original value. Tbis time, which 

is equal to the reciprocal of the rate constant, is called the time consuint (tc) and, 

like the rate constani:, is characteristic of the process and independent of amplitude. 

All curves having this same ·characteristic regardless of their staning point may be 

superimposed upon the_ same large exponential curve. Thus, to the extent that the 

electrodermal recovery Jimb is exponential, !t may be matched to an exponential 

curve of the same rate constant. This is the basis of the use of J.n overlay method 

) for determining the time constant by curve.matching as described in section 6. 

) 

Half-Time 

From equation (2) it ca,:. be shown that decay half-time, that is, the time taken 

for decay to become 50% completed, is equal to O. 7 tc and is a constant for all waves 

having the same time constant, independent of their a!'.Ilplitude. This measure, the 

recovery half-time, represents a second means of expressing recovery rate and is . 
also described in section 6. 

Logarithmic Writeou~ 

Equation (2) represents a means of determining the degree to which the recovery 

limb fits an exponential curve. Expressed in common logarithmic form, 

4) . 
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-') from which it follows that a writcout having logarithmic vcrtica.1 compression shollld 

give for exponential curves_ a straight line whose slope is a - k/2.3. Toe upper trace 

in Figure 1 is a writeout of an e.xponcntial curve obtained by capacitor discharge and 

a recording of a. few skin conducronc...: responses. Baseline of the skin conductance 

) 

trace has been a.djusted so that responses are recovering to approximately zero voltage. 

Below are the sa;:ue wavPs recorded through a logarithmic compression circuit. Note 

that ~he portion of the recovery limb which is expohential in form starts about one 

second after response peak. The slope of the linear portion of the logarithmic 

rec~very limb is proportional to the rate constant provided the asymptotic voltage is 

zero. Since this is not ~o. such a method cannot be used directly. One may, ho,vever, 

apply the second dP-rivative to achieve this end. 

-'Ille time derivative of equation (1) is 

which may be written: 

5) 

Integrating, 

111 ~I_ • '·t ;, ~ e -x 
which indicates that the first derivative of an e.-cponential cu:tve is also e.""Cponential as 

is its second derivative. The slope of the log-compressed writeout of the first . 

derivative is then proportional to k and unlike the case for the primary (DC) write-

) out, the curve, as required, decays toward zero bec:iuse of the capacitative coupling 

llsed in obtaining this writcout by electronic conversion. Since 
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Figure 1. Upper trace: direct writeout of a condensor discharge (CAP) and skin 
conductance trace (SC). Paper speed 1 mm/ sec. Lower trace: same as upper 
but with logari:hrnic compression. 

Figure 2. Diagram of method for measuring the rate :onstant by tan A/H. 
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one is tempted to produce a wriceout of d log E1 /dt to obtain an amplitude reading 

directly proportion:i.l to the rate constant. Unfo1:tllnately, d log E~ /de often has such 

a low masnitude in the exponential portion of the recovery llmb t.h.-it its an:i.l.;g form . . 

cannot serve reliably as the e."ICpression for the rate constant. A similar problem 

· arises if one attempts to dece~ine tt1e rate constant from the log-c::,mpr2sse~ first: 

derivative curve (log- d E/dt) by manual measurement of the tangent of the acute 

angle produced between the linear portion of the recovery limb· and baseline • 

........ 
Second Derivative 

Yet another method may be derived from the s~con,;i der.:.vative form. From 

equation (5) 

-
Thus, one may determine the recovery rate constant by calculating at any point on the 

recovery limb the quotient of the second derivative f the first derivative. In practice 

the method is not too feasible because the magnitude of E" is so low in the exponential . . 

region of the recovery limb that it frequently is exceeded by the noise level of the 

trace, which becomes rather high for the analog second derivative . 

.. 
Amplitude-Slope Method 

Another solution is one which requires an amplitude measure as well as a slope. 

From equation (1). it is seen that 

where E" is 
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) the slope of E, or its first derivative. 'Illis is a most usc!ul expression. From it, 

one can obtain the value for k by taking the slope and amplitude of any point on the 

exponenti.11 portion of the decay (Figure 2). Toe slope is tan A. In practice it must 

be chosen at a point at or beyond the inflcctio11 poi:.1t on the recovery limb. Because a 

) 

) 

. 
measurcme'lt of wave amplitude would seem to be more precise and because such a 

measurement could be used independently as an inrlex of responsivity, a test was 

made_ of the relation of H to h (Figure 2), i.e., of peak amplitude to the amplitude at 

the inflection point. Toe product-moment correlations for 20 responses on each of 

6 subjects were: .97, .99, .99, .99, .99, and .96. Thus a convenient substitute 

measure for the rate constant is . . 

6) -- ta/J A 
/-I 

This method showed a correlation of 0.81 ~vith measurements ma.de by the template 

metho~ on the same 66 responses. In making the slope measurement, a line is drawn 
. 

parallel to the recovery limb at its inflection point. The acute angle at the intersection . . 
' of this line with the horizontal is measured and its tangent obtained from tables~ Another 

I 

relation in conjunction with this method permits a relatively simple approach to auto­

mated calculation of the rate constant. The peak slope of the ascending limb is found 

to be linearly related to the maximum amplitude of the primary writeout (Edelberg, 1967). 

A validation check of this relationship in the present investigation confirmed this. 

Measurement of 44 responses having uncomplicated ascending limbs gave a correlation 

of O. 94 between the two measures. Hence one may substitute for H the maximum first 

derivative of the ascending limb, and for tln A the maximum first derivative of the 

recovery limb. This is the basis of the automated system, described sep:irately 

(Section -tC) and now in use for on-line printout of rate constants. 
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ON THE ;\lEASURE~lENT OF ELECTRODER~IAL RECOVERY RATE BY 

PREFERRED ~1ETHODS: TESTI.'.\G A~'D CO~IPARISON 

A) Logarithmic Compression 

In the discussion of the various means of computing elcctrodermal rccovecy 

rates it was shown that the first derivative of the logarithmic writeout of the recovery 

limb is directly proportional to the rate constant. This is true when logarithmic com­

pression is accomplished by electronic means, but only if the wave is rec\wering to 

a zero voltage level. In such cases, the region of the recove1y limb immediately 

following the peak (by about 1 second} is linear, and it is this portion whi~h should 

reflect the rate "constant." Unfortunately the DC-recorded trace rarely recovers to . . 

zero voltage as its asymptote. Since the first derivative does have essentially a zero 

) voltage asymptote, logarithmic compressiofi of such a writeout should offer a linear 

section of the recove.--:y limb whose slope is proportional to the rate constant. Un· 

fortunately, tt.e electronically-differentiated recovery slope is often of such low 

amplitude that log compression and manual measurement pose a problem in accuracy. 

It has been shown, however, (Section 5) that the rec,'yecy rates of electrodennal 

responses recorded with capacitance coupling are highly correlated with those computed 

from a DC record provided the coupling has a time constant of 6 seconds or longer. 

Such condenser-coupled record_s do approximately satisfy the requirem_ent that the 

asymptotic voltage is zero. If a record of this kind is subjected to lo~rithmic com· 

pression, the recovery limbs should show a linear portion whose slope is proportional 

to the rate constant (Figure 3). This study examined such records to determine the 

) degree to whi::h the rate measure computed from their slopes were correlated with the 
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Log 
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Figure 3. Recording of skin conductance through normal DC (upper), capacitance 
coupling with a 6-second time constant (middle), and log compression of the 6-second 
writeout (lower). Paper speed 1 mm per second, normal size. 
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Method 

Ins trumcntn tiun 

Skin conductance was recorded on a Beckman Dynograph with direct coupl-

ing (channel 1). The pen (1) output was coupled to the 2 megohm input of another DC 

channel through a 3-microfarnd condcnsor to obtiin a:ie ~-second time constant. The 

pen (2) output of this second channel was placed in series with a 220 K resistor and a 

-silicon diode (Texas Instruments G-129). The voltage developed across the diode is 

a logarithmic_ representation ol the pen (2) output (Kahn, 1962). This voltage was fed 

into a third channel of the Oynograph and, with zero input into channel (1), and the 

recording completely restored to baseline, the zero position of pen 2 was adjusted 

cntil the voltage across the diode was forward biassed by O. 25 volt: Polarity was 

arranged so that an electrodermal response produced increasing forward bias on the 

diode. 

Measuring Technique 

A straight line is drawn parallel to the linear portion of the recovuy slope in .. 
the region immediately after the peak of the response (Figure 4). On can then 

' I' 

measure the acute angle (A) which this line makes with the horizontal, and obtain 

its tangent from tables. This value. is directly proportional to recovety rate co~tant. 

An alternative method ls to use the L-shaped scale shown in Figure 4. The vertical 

limb is set so that it passes through the intersection of the slope with the upper edge 

of the paper channel. The horizontal distance from this point to the intersection of 

the slope with the bottom edge of the paper channel can be read directly off the metric 

scale on the foot of the L. Since tan A is proponional to the rate constant, 1/tan A . -
is proportional to the time constant (i.e., 1/t.an A= b ~cJ where bis a constant). 



) 
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Upper edge of 
Scale 

Bottom edge of 
Scale 

' l-4a 

0 1 

. -

2 3. 

Figure 4. Measurement of recovery rate by measurement of angle A or intercept d. 
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Also, since tan A= H/d whcrc His the scale height and dis the horizontal distance 

measured, d::. ~A-::: b H(tc.). Since Hand bare constants, dis directly pro­

portional to the time constant. 

Results 

The recovery time constants of 66 responses recorded on magnetic t:ipe were 
. 

react by the electronic method described in Section 4C. This method consists of 

' ' 
measuring the peak positive and peak negative first derivatives of the electrodermal 

response and dividing one by the other. Toe same population·o! responses was sub­

jected to the template measurement (Section 6), to the amplitude-slope method 

(H/tan A), and also to the log-compressed AC recording as described here. Produ.crt· 

moment correlations were determined between the values obtained by the logarithmic 

) method and those from the three other methods. Values were as follows: 

Log1 E. 

Log1 E 

Log1 B 

vs. electronic computer 

vs. amplitude-slope 

vs. template 

0.59 

0.87 

0.86 

The range of din the log method was 3 to 47 mm which corresponds to an 8:1 range 

in time constants. The correlation of the log measure with response amplitude was 

like many of the other measures low and positive (r = 0.37, ~ <.01). 

Because of the simplicity of the manual measurement involved in the measure­

ment of log' E, and especially because of its independence from knowledge of baseline 

level, this seems to be a measure of choice. It has one draw-back, namely the neces-

) sity of using log-compression circuitrJ and gre:iter complication in obt:iining its 

absolute calibration, but its adv:mtages may well outweight these problems. 
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, B) Measurement 0f the Altitude-Slope Intercept Alon~ Busclinc 0)) 
I 

) 

) 

The notation H/tanA, that is, the amplitude-slope measure, lends to yet another 

approach to time constant measurement. In Figure 5 it is seen that t:in A is approxi­

mately equal to H/0 where D is the distance along the extended baseline included be­

tween the altitude (line B) and the e.~tension of the recovery limb slope. As a result, 

H/tan A reduces approxim.i.tely to D. n1e measurement ot' D in practice is not unlike 

the task of measuring t/2, the time for half recovery, but it has die advr.Lntage that D 

is about 75% larger than .t/2 and, therefore, incurs a smaller relative error in measure~ 

ment. Furthermore, it allows measurement of a considerable number of responses 

whic!i. fail to_ recover by ?0% prior to the onset of the subsequent response. • 

To test the usefulness of this method the values of D were measured for the· 

same 66 responses used to compare the other methods. Values of D ranged from 1.2 

to 8 seconds. Because the paper speed was only 1 mm/second, measurement was 

not very pracise, but the correlation with the measurements obtained by H/tan A was 

nevertheless O. 90, and with those obtained with the curve-matching method, 0.82. 

Correlation with the electronic method was 0.63 and with log' E 0.86. At a somewhat 

higher paper speed, e.g., 2 to 2.5 mm/second, this is a very satisfactory method, 

especially since the value of D, when expressed in seconds, can be readily converted 

to the time constant by the use of a constant factor. The use of a standard notation 

is highly desirable in making comparisons between results at different l3boratorles, 
.. 

and the use of the time constant or rate constant seems a reasonable choice for such 

standarwzation. To derive the conversion factor for D, one must keep L'l mind the 

fact that in precise terms, tc = h/Tan A which is equal to d in Figure 5. From this 

figure, it is seen that 
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Figure 5. Ueasurement of recovecy rate by altitude-slope intercept, D. 

) 
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Measurements on 40 responses gave a mean value of O. 7 4 for h/H + e, whence 

7) 

To convert H/tan A to tc, o::ie must consider the relation of H/tan A to 

h/Tan A. Since 

tc. =-h­
tanA 

- _b_ . _f-{----:­
H -tan A 

the convers.ion factor h/H must be determined. Calculations of h/H from 20 responses 

on each of 6 subjects gave mean values of: 

From this 

8) -cc..= 

0.84 
0.86 
0.76 
0.84 
0.89 

~ 

X = 0.84 

H 
O, 8'!-f tan A 

'Ihe agreement of these two relations were tested on 65 responses, with results 

as follows: 

-Notation X 

D 2.70 
H/tan A 2.34 

Factor 

0.74 
0.84 

Comouted tc 

2. 00 seconds 
1. 97 secon~ 
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Tnis agreement is surprisingly close and gives confidence in the reliability if not 

the ,-alidicy of these measures. 'I11eir agreement with tc values obr.ain.ed by curve­

matching is not nearly as impressive, the mean of that measure being 2 .59 seconds. 

Toe possible cttuse of this discrepancy is described below . 

.'.!he Position of the Asymptotic Level anci Its Effect upon Recovery Race Measurement 

Ail methods described, whether curve-matching, t/2, O, or H/uin P_t,, depend 

for c...'teir validity upon the accurate choice of the asymptotic ievel to which the exponen­

da.l portion of the recovery iimb is decaying. The only exceptions to this are cases 

in which E 1 /E1 or d (lo.; E)/dt are used to determine tc. In the other four measures, 

the conductance or resis.tance level at point of response onset has been us~d as the 

asymptote, but it is clear from inspection that in numerous cases such an af'sumption 

is errori:"lus~ Uncertainty as to the level of the asymptote, and in fact a systematic 

error in estimating it may explain the fact that recov"'!:ry rate is found to have a 

correlation with response amplittiud. This correlation though low is consistent for 

different methods of measurement and is significant. Examples of the correlatio!'l 

for measures on the same population of 65 responses are: 

Amplitude vs. Electronic tc 

Amplitude vs. Template tc 

Amplitude vs. Log'E 

r 
.37 

.35 

.37 

p 
<.01 

<.01 

<.01 

True asymptotic level may be determined in the followin~ way. In Figure 6, 

tangents tc the recovery limb have been drawn at points 1 and 2. It has been shown 

earlier that the time constant of an exponential curve = h/tan A or d in Figure S. If. 

points 1 and 2 (Figure 6) are on the same exponenti:il curve, the values for a obtained 
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Figure 6. Determination of asymptotic level, A, of the e:,.,-ponential portion of the 
recovery Umb. Bis the exten~ed baseline. 
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from either point should be identical. 111e correct asymptotic level will be that at 

When this method was applied to a number of skin conductance responses, the 

asymptotic level was found to vary, sometimes falling qlmost on the baseline, but • 

more often considerably above it, occasionally near the pea~ of the wave. As~ 

consequence, the values for tc calculated from curve-matching, t/2, Dor H/tan A, 

are usually too large, but since all are altered in the same direction by this effect, 

the inter-correlations are not seriously disturbed. MoreoYer the error introduced 

after conversion of either Dor H/tan A to tc is the same, hence the agreement of 

the mean time constants obtained from these two measures. Such is not the case for 

the curve-matching technique. In this case the error is considerably greater and 

is a likely explanation for the discrepancy shown in the previous section. Since the 

other methods are less subject to this error, it argues in favor of the abandonment 

of curve matching in favo-r of D, H/tan A, or t/2. Since measurement of~ allows 

measurement of more responses than does t/2 and e~tails no more work than for 

"t/2 and less work than for H/tan A, it is considered the method of choice. M<?re­

over, it is faster than curve matching, requires less training, and the one judgement 
, 

to be made, namely the placing of a straight edge parallel to t~e r~covery limb at its 

steepest point is a simpler one than is curve fitti:11g. 

To reiterate, the most advantageous method for measurement of tc is to 

measure D, using the conversion: 

tc =O. 74 D 



ox, for rate constant: 

1.35 
rc=-,y-
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It will be recalled that two altcrruitive methods for measurement of recovery 

rate are inherently independent of any knowledge of baseline or asymptote. The 

first of these is E1/El'.t , i.e., the ratio of the first to second derivative at any 

point on the exponential portion of the recovery limb. i The difficulties with this 

approach have already been discussed. It does not appear to be feasible at this 

time. The second alternative, d (log E)/dt, that is, the slope of the linear portion 

of the logarithmically-compressed recovery limb does appear useful_, but only with 
,•,-, 

a condensor-coupled recording and witii log-compression circuitry. 

) C) Electronic Computation 

) 

As discussed in Section 3 the notation H/tan A fo:i:·ms the basis of an approai:h 

to automatic on-line calculation by an analog computer. The analog approach takes 

advantage of the high linear relation of the peak first derivative of the ascending limb 

of the DC electrodermal recording and the peak amplitude of the wave (Pearson's r • 

close to 1). Also convenient is the fact that tan A is the maximum first derivative of 

the recovery limb. Hence: 
H g 

I 

£+ 
~!. 

where E~ is the maximum first derivative of-the ascending limb, E! is the same for the 

recovery limb, and g is a constant. 

There are severd complications in the use of this e~1>ression for computing 

tc; by analog electronic techniques. For one thing E~ and E! occur at different times, 
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) so that a storage requirement exists. The use o! h/un A (Figure 5) 

) 

cise and because hand tan A are t:iken simultaneously, would be easier to program, 

but it would require m~suremcnt of h in terms of its distance :ibove the baseline or 

preferably above the asymptotic level, This 'Jecomes a problem in DC recording, 

because of expected ba.se\ine shifts, and such an appi:oach does not lend itself 1:eadily 

to analog compumtion without cumbersome programming. 

. Secondly, ~ecause responses in close sequence interact, contingencies must 

appear in the program for selection of waves meetfag standard criteria. These 

criteria are: 

(a) The time of onset of any measurable response must be at least 7 

seconds after the onset of the previous response. This is neces­

sitated by the fact that recovery rate of a small wave superimposed 

upon the recovery of a preceding larger on~ is spuriausly rapid. The 

effect ls shown in Figure 7~ •. 

(b) Responses which do not last at least 4 seconds prior to the onset of 

a successive wave must not be accepted for measurement. This 

requirement prevents measurement of a ~ve whose peak negative-

going first derivative is cut short by the onset of another wave (Figure 7b). 

Method 

A combination of analog computer and digital logic circuitry is used to meet 

the conversion, storage, and contingency gating requirements of the computation. 

1 
j 
'i 
l 
1 
' ,, 
1 
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a b 

Figure 7. (a) Spurious acceleration of recovery limb of response C by reason of itc 
position on the recovery limb of response B. Response A is similar to C but occurs 
on a resting baseline. • (b) Spurious registration of peak slope of recovery limb due to 
interruption prioi- to peak (at arrow). 
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Analog-To-Digi:ll Conversion, Storage, and Computation 

The skin conductance response is recorded with a constant voltage bridge 

whose output, proportional to skin conductance, is fed into a Beckman Dynograph 

amplifier. n.e voltage at the pen output is fed into r:wo other channels, each using 

a 0.1-second coupling time constant, thereby achieving derivation of the trace. 

The output of one of these is used to fire a Schmitt trigger to start analysis at the 

onset of a response. The output of th~ other is sorted into positive-going and 

negative-going components by the use of diode clippers which feed their respective 

signals to storage capacitors. This storage is arranged as a peak memory circuit 

so that after a response is over, one of the two capacitors is charged up to the peak 

voltage of the positive first derivative, the other the ne~tive. Upon a command 

signal from the associated logic circuitty, both capacitors are read simultaneously 
' 

by two separate voltage-to-frequency converters. These feed L"'lto a preset counter 

programme~ to divide one frequency by the other, thus accomplishing the computation 

of E.{JE! or its reciprocal. Toe quotient is fed into a: digital printer and at the same 

time the value of the positive-going deriVS:tive (E') is printed out on another printer 

to fur·nish amplitude data. Details of the arrangement are shown in Figures Sa and Sb. 

Control Logic Svstem 

This system must recognize the onset_ of a response, must screm out responses 

which fail to meet the t\vo time criteria., must time and command read'aut and print, 

and must reset the storage capacitors. It must also decide, on the basi!s of a minimum 

amplitude criterion, which responses are large enough to measure wimout incurring 

-) unacceptable error bec:.1use of low signal-to-noise ratio. These dem.-mds are.met by 
' 

the use oflogic modules programmed as follows.· 
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A free-running pulse generator (A) is set co fire at a rate of one per second .. ' • 

Its output is fed into a binary counter (Figure 9). The onset of a response serves to 

zero the· counter so that time gating of subsequent operations may be standardized. 

This is accomplished by using the first derivative signal from pen 2 of the dynograph. 

This signal is fed to a Schmitt trigger which fires whenever a positive-going wave 

occurs in the first derivative trace. Firing of the Schmitt trigger not only resets the 

binary counter to start counting at the ne.--ct second, but also fires a one-shot having 

a 4.1-second output pulse. The.ascending limb of this pulse fires a second one-

shot whose 0.5-second output is used to trip a reed relay to discharge the storage 

capacitors (reset). The primary purpose of the 4.1-second one-shot, h.O\vever, 

is to act as a gate to prevent processing of the response.if a second wave starts with­

in 4.1 seconds after onset. This is accomplished by feeding these one-shoe pulses 

into a quadruple and-gate, the other three inputs of which are fed from the 0-0-1 

·terminals of the binary counter. When 4 seconds of counting are up, the and-gate 

can fire only if the one-shot has not returned to its off-state. If this condition is 

met, the and-gate output acts as a command to the pre-set counter to take the quotient 

of the t\VO storage outputs. The preset counte7, after finishing the division, signals 

the printer to print. The quadruple and-gate also fires a one-shot which advances~ 

decade counter used to number the responses on the printout. If a second or third 

response occurs during the initial 4-second period, the 4 .1-secon~ one-shot is reset 

and its off condition output serves as an inh.ibit signal to the and-gate". 

The requirement for at least 7 seconds between processed waves is met by 

the use of a triple and-gate and two flip-flops interposed between the Schmitt trigger 

and the 4. I-second one-shot. The triple :ind-gate is fed by a 1-1-1 output from the 



) 

) 

) 

---·- -

_j/ 
··-·A . 
Schmitt 
Trigger .. 

. 

' . 
·1 

. 

c} 
l 

" ,-
. 

-·--. 
Pulse 

Generator . 

. 

' I/ 

. 

'.-, 

One 
Shot 
O. 5 Sec 

·-·· .. 
i In 

-· 
' / 

Reset, ,, 

1 0 
• 

, :\ ,-

-r>-

One. 
Shot 
4.1 Sec 

. 

/ 
; 

.... 
/ 

. 

' I/ 

Recd 
R 1 Cay 

2 : . . .. 

6 

-·· -... I 

·'Inhibit 
i_.;. ____ 

---·· 
Preset 

I· •0:'I I ~).,...:__ 

Counter ~. ,,:J ~ 
i- -~ l ' 

... ii 

1 0 1 0 1 0 Printer 

' 
y 

. I I 

.. 

Figure 9. Control logic circuitry. 

Decade 
Counter 

BCD 
Decoder 



) 

;\,;\~'/',/,.-,_\ :i ,,;;",,,;. ~ /i'.)':J~>i·~~~'--

_, 

24 

binary counter so trult it fires at 7 seconds after the Schmitt trigger ha~ signalld~iO 

start of the response. Its output resets the t\vo flip-flops and allows a subsequent 

firing of the Schmitt trigger to fire the 4.1-second one-shot. Until this triple and­

gate fires again seven seconds later~ any pulse coming through after the 4 .seconds 

of processing cannot fire the one-shot and therefore cannot initiate another co~puting 

sequence. The two flip-flops are connected in such a way that the 4.1-second one­

shot cannot be fired again until the triple and-gate fires again. Thu.s no computation 

can be started unless the binary counter has been allowed to count for seven seconds 

after the start of the last response. Any response occurring during these seve!l seconds 

starts the count over again •. 

Results 

This system proved to be very accurate, the print-out data agreeing very 

closely with values obtained by hand measurement of the positive and negative peaks 

of the first derivative trace. Values of E1 and of the time constants obtained by the 

t\vo methods for each of t\venty solitary responses of a writeout are plotted against 

each other in Figure 10. From this standpoint the system is very reliable. The 

major source of error is caused by responses in which the ascending limb is in fact 

a slunlng of two responses into a single one without an intermediate peak. In such a 

case the Schmitt trigger fails to recognize the second response because the derh-a.tive 

bas not recrossed baseline (Figure 11). The ma:dmum slope is that of one of the two 

slurred components rather than being additive and is not consistent with total H. The 

value computed electronically is, therefore, considerabl}· less th:in that computed 

) manually. In some insunces the ascending limb is composed of a ,.,.·ell-slurred sequence 

of small waves :ind again the derivative is much less than that predicted on the basis of 
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Figure 11. Breakdown of linear relation bet\veen primary amplitude and first 
derivative amplitude ln duplex response F. Simple responses D and E show linear 
relation. 
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The above deficiency may expl:l.in the relatively low corrcl.ition of time 

constants derived electronically from those obtained by the various manual methods. 

The correlations with other measures for the same population of 65 responses 

analyzed elsewhere in this paper were as follows: 

Electronic vs. Log1 E 

Electronic vs. H/ tan A 

Electronic vs. Template 

0.59 

0.68 

0.42 

Another problem with the electronic method lies in the selection of the ;"'linimum . ; 

threshold for triggering ~e Schmitt trigger. If this is chosen too low, many clean high 

amplitude waves are lost because of the occurrence of a miniacule wave in the previous 

7 seconds. If set too high many perfectly useable waves a.re lost. The compromise 

between these two conditions is difficult. With the panicular threshold used in this 

test (16% of half scale), the system accepted 65 of 86 responses which met amplit11de 

criteria, the remainder being rejected because of temporal contingencies. The total 

number of responses, however, was far greater thari _the 65 having adequate amplitude. 

For a threshold 8% of half scale (i.e., 4% or full channel width), the total number of 

responses reaching amplitude criterion would have been 188. 

While this automatic system meets minimum rc:qui:rements for an operationally 

satisfactory system, its susceptibility to spurious readings of relative wave amplitude 

when multiple responses fuse in the ascending li_mb is a rather serious disadvantage. 

It appears possible to construct an on-line analog system using one of the other 

approaches and in this regard the measurement of the slope of the log-compressed 

recovery limb of a condensor-coupled recordu-1g seems a promising alternative. 
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D) Summarv of Com:x1-risons 13ctwccn ~Icnsu:rcs 

For convenience a summary of the various intercorrclations examined is shown 

in the matrix in Tabla 1. 

Table 1. Correlations between time constants measured in different ways on the same 
65 responses. • 

Template Electronic Log1 E H/tan A D 

t/2 .94 
Template .42 .86 .81 .82 
Electronic .59 .68 .63 
Log"E .87 .86 
H/tan A .90 

The overall r.igh correlation between the various manual measures gives confidence 

. . 
that a fundamental form characteristic of the recovery limb :s in fact under examination. 



J 
s. ON THE SUITAI3ILl1Y OF CO~UE1\"SOR-COCPLED RECORDINGS FOR 

RECOVERY RATE ANALYSIS 

The estimation of recovery rate constants of the elcctrodcrmal response is 

normally accomplished with the use of directly coupled writeouts of skin resistance 

or skin conductance. There are, however, recording systems which use capacitance­

coupling in order to allow high amplification without frequent baseline correction. 

When sucb systems are used the question arises as to whether the rate .:onstant or 

time constant measure has any mearung since the constant for the recovery limb is 

to an extent determined by the time constant of the R-C network used for the coupling. 

A common value used in commercial GSR meters is 8 seconds. 
. 

The purpose of this study, was to determine whether capacitance-coupled records 

may be used to provide information about changes in recovery time constant. It is 

apparent that at long recovery time constants, the use of inscrumentation with a 

shorter coupling time constant will produce a record \Vith spuriously short time constants 

The experimental question then is not whether capacitance-coupling changes the 

time constant but rather whether recovery rates so measured correlate highly with 

those obtained from a DC writeout. If they ~o. a serond question is how short a 

coupling time constant may be used before correlation falls to unacceptable levels. A 

dlird question is how much sensitivity is lost when time constants are measured on 

capacitance-coupled recordings. 

Method 

In order to test this method over a wide range of recovery rates, samples of 

) ski...1 conductance responses from SL"{ subjec~s were recorded on an Ampex SP300 

magnetic tape recorder, using direct coupling. These were later played back through 
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various couplings into a Beckman Drnograph equipped with rectilinear ink writers. 

Time constants of 1, 2, 3, 4, 6, S, 10 seconds and DC were used. Time constants 

were measured by the amplitude-slope method described clse;vhere. Fony responses 

were selected with the qualification that they must start at least seven seconds after 

the start of the previous wave, must have an amplitude at least 5 mm (full scale was 

. 40 mm) and must not be interrupted by a successive wave until at least 50% recovery 

was completed. In each case the rate constant was calculated from tan A/H. Values 

for each coupling condition were matched with those from the DC record to compute 

a Pearson's product-moment correlation. 

Results 

The correlations found at each value of coupliI}g time cons~nt 8:re shown in 

Table 2. 

Table 2. Correlation between recovery rates (tan .A/H) computed ·from DC records 
and those from· capacitance-coupled recorqs taken with various coupling 
time constants. • 

R-C. Slope Of 
Time Constant Pearson's r Line Of 

(Coupling) Regression 

1 Seconds .33 .32 
2 ... .51 .44 
3 ., .72 .27 
4 " .so .59 
6 .. .86 .43 
8 " .90 .68 

10 " .86 .86 



~otc that !ugh correlations arc found for 6, S, and 10 second coupling 

·) that is when the coupling time constant approaches the time const:!:1t of the slc,west 

waves in the population {see Sections 6 and S). The correlation reaches a relativc:ly 

cons1.ant level at coupling constants of 6 seconds or longer. This constant level is 

less than 1, and is in part indicative of the departure of the relation from linearity 

and in part of the repeat measurement reliability. By comparison the repeat measure­

ment reliability for the: template measure found in the earlier study was O. 93 (coefficient 

of concordance). 

The DC values of the recovery limbs are plotted ag-<linst the~ constants !ound 

with each coupling constant in Figure 12~ As expected, rate constants are increased as 

compared with the DC value, with greatest acceleration found when shortest coupling 

constants were used. Moreover, at any given coupling constant, those recovery limbs 

·) having the shol'test rate constants (longest time constants) are affected the most. Be­

cause of this, the relationship between DC rate constants and those found with capacitance 

coupling is non-linear. Short coupling constants not only cause a greater scattering of 

points, making the measure less sensitive, but also affect the slope of the relation as 

-) 

seen in Table 2. 
. 

Since, as discussed elsewhere, the rate constant of the first derivative is 

the same as that of the primary wave, one may wonder why intermediate coupling con­

stants, e.g., 1 second, do not give as good a relation. Toe answer lies in the fact 

that the time constant for obtaining the first derivative must be so short that all 

responses, long and short, are affected similarly. With the 
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intermediate coupling constants used here, the slower waves will be differentially 

affected and the relationship breaks down. 

These results imply that the use of a capacitance-coupled system having a 

time constant of 6 seconds or longer is suitable for the de:crmination of recovery 

time constants. Though values obtained from such recordings are not directly 

comparable with those from DC recordings, they have similar c~pacity to reflect 

changes incidental to shifts in behavioral state. 
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6. THE INFOR:\I,\TION CONTENT OF nm RECOVERY LI~m OF TUE 

ELECTRODER:\t.AL RESPONSE __ , 
A previous study I showed that during an clcctrodermal res-

po~sc (EDR) there is frequently a sudden decrease in the hydration of the covered 

skin surface, and that this phenomenon occurs much more often during cognitive 

activity such as listening to instructions tha.n with startle responses. These hydra-

tion responses, which are attributed to absorption of water from the surface, commence 

at about one secorid after the onset of the skin resistance response (SRR) :ind rea~h 

peak in about three to four seconds. Their occurrence is not determined by the ampli­

tude of the S~R but is as~ociated with the presence of positive waves in the skin po-· 

tential response (SPR). Where pure negative SPRs occur, hydration under the electrode 

either increases (Figure 13) or remains unchanged. These obser,ations suggest that 

two different kinds of EDRs might be occurring, a supposition consistent with con-

-- f Moreover, since skin ___ ......,_ clusions drawn in an earlier study 
--

r.:onductance is in part determined by the level of fluid in the sweat ducts and by the 

-- • I 
hydration of the corneum 1 

'-

---__ J an absorption res-

ponse might be expected to speed return of ·resistance or conductance to base level 

and thereby steepen the recovery limb. .-\n indication of this is seen in Figure 13, 

where recovery rate of SCRs in the second panel averages twice that of the first. 

The absorption response appeared to·hold promise as a useful qualitative inde."'C 

of behavioral set, but there a.re serious difficulties in its direct quantitative measure-

ment due to the complicating effects of simultaneous sweat secretion. It was hoped 

that the recovery limb of the SRR or SCR might carry the in!ormation reflected in 

the absorption response ar.d at the same time be more amcn:iblc to quantit::.tivc· me:uu:-e-
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Figure 13. Two recordings from a single individual taken 30 minutes apart, 
showing the relation of polarity of SPR and rate of SCR recovery to absence or 
presence of absorption. The average reco,·ery time constant during negative 
SPRs is 3.6 seconds, during biph3.sic SPRs, 1. 5 seconds. Calibration lines, 
l mv, 1 micromho, 10 seconds. Negative potential and hi-dration incre:i.se 

upwards. 
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ffi Cilt o This section is concen1cd with the dc\·dopmcnt or quantitative metll0tlJ\16r,:··/·\<, 

examining the recovery rate of the EDR :ind with an c-xamin.1.tion of its relilticfo to 

other measures and its sensitivity to behavioral state. 

Method 

E"valuation of the Rccovcrv i.1ate 
r .. 

··--7 had developed a measure called the Recovery 
... Pol· ..... 

Quotient for describing the rate of return of skin resistance to base line after res­

ponse to stimulation. They did this by determining the percent recovery reached in 

five minutes after peak displacement. Their measure ordinarily was applied to a 

complex long- lasting response and they interpreted it as an indication of the capacity 

of the central nervous system to reestablish homeostasis following a disturbance. The 
\·• 

Recovery Quotient did not deal with wave form and theoretically should be unrelated to 

the measure of concern in this paper. F o:i: th'? present purposes, the recovery limb was, 

as a first approximation, assumed to be exponential, a conclusion also reac!J.ed by 

(_ J One fundamental cha.racterj.stic of such a curve, its rate constant, 

orb reciprocal terms its time constant, is it,..iependent of amplitude and ,vas selected 

as a best first approximation of recovery rate. It is viewed as a useful reflection of 

this rate, but not as indicating a truly exponential form for the recovery limb. Exami­

nation of the expone~tial equation reveals numerous methods for evaluating this con­

stant, but two convenient ones were adopted for use in this study. For either one, 

DC recordings are mandatory. 

Half-time measure. To detennine the time constant (tc), one should measure 

t1;e time rcqui red to attain 63% recovery (i.e., 1 - 1/ e), but the rcco\·ery half-time 

(t/2) i.e., time taken to attain so;; recover;• (Figure 15, lower pan~l), bears a Ur.ear 

' 
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--J relation to tc (tc = 1.43 t/2) and is more easily measured. It can be quickly deter­

mined by the use of a transparent overlay containing a serias of parallel horizontal 

lines bisected by a single vertical line. The central parallel line is made longer 

than all the rest and contains a metric scale on ~he tight side of the vertical, with 

zero at the intersection. The vertical line is made to pass through the peak of the 

) 

. 
wave perpendicular to the base line. The template is moved up and down until the 

central line is midway between onset and peak of_the wave, as indicated by the short 

parallel lines. The distance from the vertical line to the intersection of the central 

horizontal line with the recovery slope is read from the scale and converted to half­

time by the appropriate calibration. This method can only be used on responses which 

recover at least 50% before a second response occurs. 

Curve-matching. A second method is based on curve-matching. As seen in 

Figure 14a, if the members. of a class of responses of differing amplitudes all have 

the same recovery time constant, it is possible to superimpose them on a single 

exponential curve. One may use a transparent overlay bearing a family of exponential 

curves of known time constant (obtained, for example, by recordings of a condensor 

discharge through various resistances}. The tc for any response may be quickly deter­

mined by placing the overlay s1:1ch that its base line {asymptote) is horizontal and passes 

through the point of onset of the response. A straightedge is then held against the lo,,..·er 

margin of the overlay, which should be parallel to the base line, and the overlay is 

moved horizontally until one of the standard curves coincides with the recovery limb 

or a best interpolation is made (Figure 14b). 

Each of the .1bove methods has its advantages and disadva.nt~ges. The h:ilf-time 

method is simple and more objcctitte but suffers from the fact that many r~s:ionses do 
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Figure 14a. Drawing of three electrodermal responses of different amplitudes but 
sa.1:1e recovcr:y rate superimposed upon an exponential cun·e. 
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Figure 14b. Illustration of curve-matching to determine the "time constant" of 
the steepest portion of the recovery limb.· 



~ not reco,:er b~, 50;~ prior to ~m~ct of a subsequent wo.ve am.l cannot be.: cva.lu:itcd. 

curve-matching method is somewhat more difficult; it soon becomes clear th:it many 

waves depart from the e:,...-ponentia.l shape a.nd matching is ambiguous. However, by 

using the early portion of rccovc .. -y just after the steepest slope ha.s been reached, 

satisfactory matching ca.n be made for pr:i.ctically any response. Since this c:m be 

) 

) 

done on a portion which reaches only ~5 to 30% of recovery, m:iny more waves lend 

themselves to this measure than to the h:i.lf-time measure. As might be expected, 

curvilinear recording produces a distortion in the recovery limb which becomes appre­

ciable if the writeout extends beyond the middle third of the scale. The half-time 

measure is therefore recommended for curvilinear recordings since it is possible to 

make objective corrections for this effect, for example, using an overlay with an appro-

priately curved vertical line. Corrections for the curvilinear effect in curve-matching 

is considerably more difficult and more approximate, and it is r7commended that the 

use of this method be restricted to rectilinear recordings or to the middle third of 

the curvilinear scale. 

Procedure 

Subjects were 106 normal adults of both sexes, ages 17 to 45. The number used 

in each e."tperimentvaried and is indicated in the pre~entation of results. Each experi­

ment was :-Jn on a different population. Electrodes were silver-silver chloride plates 

applied to masked sites, 1/4-inch diameter, with a ¢ickening agen~ in O. lM NaCl as 

an electrode paste. A constant current bridge {current density 8 microarnp/cm2) was 

u~ed to obtain SRRs and a constant \'Oltage bridge (0. 75 V across two active sites) for 

SCR' ~ AU cxosom:itic electrodcrm.:.l placements were on the \'ola.r -
or dorsal surface of the distal or middle sc;mcnts of t\'."O fing-ers of the non-preferred 
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hand. For potential rccorc.lings, the rcicrcnce elcct1·oc.k wa:. over the uL"lar bone, 

one-fifth t!1c distance from clbo,.;• to wrist. Hydr.ilion w:is measured with the contact 
i-----

device described elsewhere J. the placement being on the volar sur,. 

face of the fingertip. Recording of the above variables.was accomplished using a 

directly-coupled Beckman Type R DY.nograph. In one series of runs, a reflectmicc . . 
plethysmograph unit was applied to the then:ir eminence of the non-preferred 113.nd 

anci finger pulse volume was recorded using capacitance-coupled ampliiic:ition 
.- ..:, __ - ...... _':-··1 • 

'--- .. .• 

The subject was- seated in a small. room and after a IS-minute stabilization 

p~riod was exposed to stimuli which differed f~r each experiment as described below. 
..... ··••· ·---------•·••·- -w 

ExP;riment 1~ This was a replica of an experiment by J 
, ---· ---~ • ' 

.. _ Lwhich was run for another purpose. In this the subject is given a 3-rninute 
... --l 

rest period followed by a !-minute task in which he is frustrated by the experimenter 

in his attempts to count bacJ..."wards. He then participates with the experimenter in a 

guessing game in which the e:-.."Perimenter attempts to guess the number which the sub­

ject selects. If he fails, the subject presses a button which supposedly shocks the 

experimenter. Following this t\v-o-minute "aggressive" game, he is given a second 

:est period. 

Exoeriment 2. A mixed series of eight tones and eight light flashes of moderate 

intensity is presented to the subject who has been instructed to rela."t with his eyes open. 

Followir.g this he is instructed as follows: "Tilis time, when you hear a tone it will be 

a warning signal for a second one which will occur at any time up to a half-minute 

later. At the sound of the second tone you are to press this footswitch as rapidl}· as 

possible so we can measure you:- re.:i.ction time. In the same ,wJ.y a light flash ,•:ill be 
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a ,•:ar.l.i.ng co expect a second light flash at wluch time you arc to note the position of 

the moving- pointer. A third Dash will occur shortly after that, at which time you arc 

to report the letter indicating its position." The inter-stimulus interval for each task 

rangccl from 10 to 30 seconds. The pointer rotated at 60 r.p.m. This series was 

continued until eight trials of each task had been run in randomized order. 

_ Experiment 3. The subject was told to relax with his eyes open and.was ex­

posed to a series of five tones (approximately 75 db at the subject, 1 second duration) 

presented through a speaker at a varying inter-trial interval (10 to 25 seconds). As 

soon as this habituation series ended, he was instructed for the next sequence which 

followed immediately. In this series, tones of the same intensity and range of inter-

t:i;ial intervals as for the·first series c~nstituted signals for a reaction time effort 

(finger-press) without a foreperiod. 

Exocriment 4. The subject is given two reactior. time ttials with a foreperiod 

of 4 to 10 seconds. Both warni11 { and execution signals are 0. 5-second tones delivered 

from a speaker (approximately 65 db at. the subject). These trials were intermixed in 

random order with two word association trials to form a block in which the inter-trial 

interval varied between 20 and 60 seconds. Blocks were repeated ,.,,ith t'.vo-minute 

intervening rest periods. -Exueriment 5. In this series, run earlier for another purpose! ----
the subject wore a contact hydration detector as well as skin resistanc~ and potential 

electrodes. Stimuli were a mixed series of sounds and lights of moderate intensity 

interrupted at intervals with a period of conversation. 
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Results a.ncl Discussion • 

Characteristics of the Rccovcrv ::.\lcasurc 

Reliability. Inter-scorer re~ability of the more subjective of the two methods 

of measuring recovery rate, namely curve-matching, \\'.as determined by having each 

of three individuals score the same 30 isolated responses chosen at random by a 

lottery method from a population of 100 ~senble responses. nme constants ranged 

frotr. 2. 2 to 7. 2 seconds. The Kendall coefficient of concordance among their scores 

was 0. 93. The time consumed in making a single measurement was approximately 

seven seconds. Despite the high inter-scorer reliability indicated in the measurement 

of isolated responses, i.e., responses which 9ccurred at least flve seconds after the 

peak of the last previous response, there is an apparent source of error in the measure­

ment of recovery rates of responses which themselves fall on the steep portion of the 

recovery limb of a previous larger wave. For this reason, scoring of responses is 
. . 

best accomplished on waves which occur at least ten seconds after the peak of the 

preceding wave. 

Relation between tc and t/2. The reliability of the half-time measure should 

be even greater than that of the curve-matching measure, in view of the rigorous method . . 

by which it is obtained. It does, however, frequently demand the reading of very short 

time intervals with preci~ion, a chore which can be difficult when for convenience in 

making other measurements~ slow paper speeds are used, e.g., l mni per second. 

To see how the two measures compared, 22 consecutive responses "recorded with 

rectilinear pens were analyzed by two persons, each using one of the t:\vo methods. 

Time constants ranged from 1.6 to 8. 7 seconds. The mean values for tc and t/!? res­

pectively were 5. 40 and 3. 88 sc<;onds. The ratio of these values, 1. 39, agrees rather . 
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.) well with the theoretical ratio of 1. 43. The product-moment correlation between tc 
, 

) 

and t/2, 0. 94, can be regarded as a combi.ncd test both of the accu,:-acy of measure­

ment and of the validity of the .:xponcntial treatment. Titis result, together with the 
. 

1.39 ratio, implies that either measure is acceptable, and that the portion of the curve 
. 

used does not deviate appreciably from an exponential form. 

Resistance vs. conductance responses. In some instances responses were 

meas1:1red concurrently from two sites, one with a constant voltage bridge, the other 

with constant current. ~ecc.very half-times were determined for corresponding SCRs 

and SRRs and found to be highly correlated, though different in absolute magnitude. 

Correlations between 20 pairs of responses ?n each of three subjects were . 83, . 82 

and . 95. Mean values for measurements on SCR and SRR respectively were: subject 

A, 4.9/6.3; subject B, 3,6/7.3; subject C, 3.6/3.8. Thus although either SCR or 

SRR may be used for studying changes in recovery rate, if individuals are to be com­

pared it would be a~sirabie to standardize on one of the two systems. Differences be­

tween the raean SCR and SRR value~, however, may well reflect differences between 

sites rather than between methods of recording, since despite high correlations, 

appreciable differences are found between measures taken from simultanous pal.mar 

and dorsal SRRs as seen in the example in Figur~ 18. 

Relation of recoverv rate to amolitude. The assumption of an exponential form 

for the recovery limb implies that the rate constant should be independent of amplitude. 

" 
This assumption was. tested by an examir.ation of the relation of recovery rates to 

amplitude using the half-time measure on 20 SCRs from each of six subjects. The 

:product-moment correlations were .21, -.20, .28, .62, .74 and .19. These results 

indicate that amplitude is not an important determinant of recovery rate, :ilthough the 
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) t\\"O may for svme subjects be rel:ltcd throush a common influence. The positive 

signs for the t\\'O significant correlations (. 62 and . 74) would indicate th.it there is 

a tendency iu some subjects for responses of higher amplitudes to be associnted with 

slower recovery rntcs. 

Relation to 11ositive srrt. From the re1ations described in the introductc..:y 

section, it was predicted that positive SPRs should be associated with fast recovery 

rates. Out of 30 subjects run in E:~-pcriment 2, 13 showed both clear positive SPRs 

(biphasic) and "pure" negative SPRs. These were used for the comparison. Since 

the magnitude of positive~going activity associated with a negative SPR cannot at 

present be quantitatively evaluated r a test of association 
--

rather than correlation was made. In each case two clearly uniphasic negative res• 

) ponses and two biphasic respons~s with a pronounced positive deflection were selected 

• from the skin potential recol:d. The ti:ne constants of the correspon9,ing skin resis­

tance responses were measured and for 12 of the 13 subjects the average time constant 

associated with positive SPRs was shorter than that associated with "pure" negative 

SPRs. The respective group means were 3. 7 and 7. 4 seconds (P < . 005). Amplitudes . 

in the t\vo categories wt.re not significantly different, although responses accompanying 

positive.SPRs tended to be some\•ihat larger, the mean log ratio being 0.126, equivalent 

to an amplitude ratio of l. 34:l. If anything this would.reduce the· differences betwe·en 

time constants rather than account for them. 

The relation of recovery rate to occurrence of absorption re:;ponses was also 

examined for an associative rclr.tionship rather truin a corrala::ion because absorption, 

• -
) like the positi.v~ SPR, is rliffi.cult to measure quantitatively ·-.:.· _______ ... ___ { Data 

from 13 subjcc~s run inExperimc:it 5 were ex:i.mi'::.cd. Two responses on the li.rd:-ntion 



' i 

tr.ice showing marked absorption :ind t\•;o showing :in increase in hrd ration were 

selected in a randomized mam1c1·, without regard to :-.timulus. The time constants 

, of the recovery limbs of the corresponding SRRs were measured and an inter-individual 

comparison made bet\veen the two categories. In 12 of-the 13 subjects examined, recovery 

was faster in association with absorption (p < .001). The group means were 6.0 and 9.1. 

The association of faster recovery rate with the occurrence vf absorption responses 

and with positive SPRs is consistent with the third combination of these variables, 

namely that between occurrence of absorption and of positive SPRs previously reported 

..1 

Sensitivitv to BehaviorarSt3.te 

Both measures, t/2 and tc, proved highly sensitive to change in behavioral set. 

In some cases, for example in the comparison of a rest period \\ith a task period, the 

conventional amplitude or frequency measures would discriminate just as well, but the 

strength of the recovery rate in differentiating between conditions did not depend upon 

amplitude. Moreover, in many ca~··~s, it distinguished between conditions when ampli­

tude per se could not. In this initial examination of the resolving strength of this -

measure, t/2 has been sampled in-some experiments, tc in others. Each clearly 

demonstrated its value, and the choice o_f which to use is largely a matter of preference. 

The results of the various experiments are presented belo\V. 

Exneriment 1: Rest vs. aggressive game. In examining differences bet\veen 

the recovery limb rui.lf-times of spontaneous waves in the rest period and those during 

' the aggressive game, an effort was made to minimize any intrusion of an amplitude 

) effect. The first three responses of at le:ist 5 mm amplitude which met the half-ti.me 

c
0

riterion described earlier were selected from th~ rest period. For half of the l:? • 
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subjects these were taken from the pre-task rest period, for the other h:i1f•fi~¢t~~t"•:_ 

: --~-' , -,~ • . . 

post-task period. TI1e first three responses from the game period which fell-in the 

same amplitude range as those of the rest period were used for comparison. Figure 

15 shows representative strips taken from each of these periods. The pre-task an~ 

post-task relaxation periods (upper and lower panels) both show responses which re-. ·-

cover more gradually than those during the task period. As for the other subjects, 

t/2 in the pre- and post-task periods are rather similar. It is significant that the 

sharpening of the recovery limb started during the instruction period. A portion of 

the instruction period is shown in the section of the middle strip to the left of the 

arrow designating start of the task. The group mean t/2 for the rest period w:.2s 5. 6 

seconds and for the task·period 3.3 seconds (p < .001). All of the 12 subjects showed 

a reduction during the aggressive game, the mean decrease being 41% (Tables 3 and 4). 

) The amplitudes of the two groups of response samples were well m~tched and the small 

mean difference of 12% with the task responses being larger fell far short of signfflcance 

(t = .87}. 

Experiment 2: Simple stimuli vs. signals. The half-time measure was also 

used in this comparison made on 16 other subjects. Here the responses to light flashes 

durtng the relaxation period before instructions were compared with responses to the 

warning lights (not the execution signal) for the perceptual task. The last three useable 

responses during the _rest period were compared with the first three useable responses 

du~ the task period. An acceleration of recovery rate occurred ,hr 13 of the _16 sub­

jects (Table 4) when the light flash took on signal properties. The average decrease 

in t/2 was 29% (p < . 05). The amplitudes of the response samples averaged 9% less 

) during the task period (t = 1.14, NS). 
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Figure 15. Recordlngs of skin coii.ductm1.ce during pre-task rest (upper), 
instructions and task (middle) and post-task (lower), showing acceleration 
of recovery rate during instructions and task. Illustration of half-ti.me 

) measure is shown in lower trace. Time line is 10 seconds. 
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Table 3. Comparison of average values of recovery half-time (t/2) for resting state 
and guessing game task in 12 subjects. 

Subject 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

Table 4. 

N n 

12 12 

16 13 

35 32 

Resting 

6.7 
5.0 
4.9 
5.7 
5.3 
7.5 
3.6 · 

10.0 
3.9 
3 .. 9 
2.2 
8.1 

t/2 {seconds) 

Task 

5.6 
3.6 
3.1 
3.1 
2.9 
2.8 
3.1 
5.0 
3.2 
2.9 
1.7 
3.1 

% Change 

-16 
-28 
-33 
-46 
-45 
-63 
-14 
-so 
-22 
-26 
-23 
-63 

Summary of results from three e::-..-periments sh:,wing change in recovery 
rate with change in stimulus condition. Symbol "n" designates number of 
subjects who showed a decrease. 

Mean 
Measure Change 

Used Condition A Condition B A to B £ 

t/2 Rest Aggressive Game -2.3 <.001 
5.6 sec 3.3 sec (-41%) 

t/2 Li§ht Flashes Perceptual Task -2.3 <.05 
7. sec 5.6 sec (-29%) .. 

t.c. Tones Reaction Time -5.5 <.001 
10.4 sec 4. 9 sec {-53%) 
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E>..""'Ocrimcnt 3: Simole tones vs. rc:iction time effort. The cur:c-m.itching 

method was used to determine tc on the 35 subjects used in this experiment. The 

largest response to the five tomes presented during tltc habituation series was com­

pared with the response which was nearest in ~plitude .during the five reaction time 

trials. Of the 35 subjects, 32 showed acceleration of the rec·overy limb during the 

reaction time series, as seen in the representative example if Figure 16. The mean 

decrease in recovery limb tc for the group was 53 percent (p < . 001). The mean tc . 
presentation of non-signal tones was 10.4 seconds for this population (Table 4). In 

Experiment 2, the mea.n haif time for responses to non-signal light flashes was 7. 9 

seconds. Converting this to tc by multiplying by l. 43 gives 10. 3 seconds, in remarkable 

agreement with the resuits of Experiment 3. This similarity though perhaps fortuitous 

proVides an added degree of confidence in the measure. 

Change in Arousal 

So far this section has been concemed with the power of the recovery rate in 

discriminating between responses in two qualitatively different stimulus situations. It 

can ~pparently also distinguish between two similar stimulus periods in which the state 

of the subject is different. Representative examples may help illustrate t.iiis point 

without statistical treatment. Figure 17 shows strips from two consecutive blocks in 

Experiment 4. In trace A, the subject is exposed to his first block of reaction time 

and word association stimuli. In trace B taken from a later block, the subject has 

apparently habituated to the situation, as indicated by reduction in response amplitude 

and by the fact that he has ceased responding to the aletting signal for the reaction 

) time trials. The slowing of the recovery limb with repeated trials is especially marked 

µ; this example (3: 1), :ind although 10 out of the group of 14 subjects displared this 
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Figure 16. Representative skin conductance recordings from Experiment 3 
showing acceleration of recovery rate during reaction time trials. Time line 
is 10 seconds. 
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Figure 17. Recordings of skin resistance from blocks 1 (upper) and 2 (lower) 
of Experiment 4 showing slowing of recovery rate with adaptation. Stimuli are 
reaction time trials (RT) and word association trials (WA). ·vertical calibration 
line is 25 K; time line, 10 seconds. Resistance of u9pe:r tr.1ce ls 200 K, lower 

trace 190 K. 
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tendency, only 7 of these showed an increase of over 30%; 

The recovery limb may also distinguish between responses co dissimilar stimuli 

in the same task period. An cx:imple is shown in Figure 18, taken from E>..-perimcnt 

2 .. It shows simultaneous recordings from tbc dorsal and palmar surfaces of t,c fingers 

of t\vo individuals. The letter A indicates an alerting signal for a forthcoming reaction 

tlme trial and E, the execution signal. S denotes a spontaneous wave occurring during 

th~ foreperiod. The number below each response is the value of its time constant. 

For the first subject, the spontaneous response has about the same time constant as 

does the alerting response, but the execution response is considerably faster. The 

dorsal and palmar surfaces reflect this same pattern despite absolute differences in 

their recovery ra.tee. For the second subject, the constant for the spontaneous res­

ponse is over twice as long as that for alerting; the constant for the execution response 

is also longer. The difference bet\veen recovery rates of responses to alerting and 

execution responses is in general not a reliable one, but six of the 19 subjects did show 

an appreciable difference bet\veen the t\vo. Two were significant at the .005 level of 

confidence, three at the . 025 level and one at the . 05 level. In five of these six cases, 

the shorter tc occurred with the execution signal. 

Individual Differences 

The sensitivity of the recovery rate to differences in stimulus condition and in 

state of the subject suggested that inter-individual differences in recovery rate, seen 

for example in Table 3, might be associated ,vith differences in characteri.::.;.!c beha\1.or 

pattern. The behavioral index chosen to test this idea, namely rate of habituation to 

tones or to reaction time trials, was derived from Experiment 3. The quotient of the • • 

amplitude of the second response diYided by that of the third served as a simple measu:e 
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Figure 18. Simultaneous recordings of skin resistance from dorsal surface of 
the finger (upper) and palmar surface (lower) from two sub~ ects. Stimuli are 
alerting tone (A) and execution tone (E) for a reaction time trial. S denotes a 
spontaneous response. Numbers denote rccoverr limb tim~ constants in seconds. 

• Time line is 10 seconds. 
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~ of habituation rate, higher values indicating faster habituation. Time constant measures 
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were ta.ken only from the reaction time series and for 35 of the subjects were the same 

as obtained for the earlier analysis of this experiment. In 18 other subjects who showed 

no responses to the tones, the response of median amplitude was used. The group 

correlations between this time constant and the various measures of habituation are 

shown in Table 5. Comparison of tc with rate of ha.bituation of the reaction time res-

Table 5. Summary of results from Experiment 3 showing product-moment correlation 
between re;covery rate and habituation rate. • 

Habituation 
N Measure r 

53 SCR during .33 <.OS 
Reaction Time 

32 SCR during .13 NS 
Tones 

51 FPV Change .30 <.05 
during Tones 

ponses {r = .33, N = 53, p < .05), shows that individuals with fast recovery rates tend 

to habituate more slowly during the reaction time series. 

Of these 53 subjects there were 32 whose records permitted analysis of habitua­

tion rate of the SCR during the tone series. The correlation between this measure of 

habituation and the time constant was very low and not significant. However, when. 

instead of SCR, finger pulse volune change was used as the response measure, the 

rate of habituation to tones showed a significant correlation with tc ( r = . 30, N = 51, 

p·< . 05). For this case logarithmic conversion was necessary to produce linear re-
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gression. The t\::o positive correlations iound between recovcl"}· limb tc and different 

habituation measures indicate that individuals with fast recovery rates tend to ha.bi­

tuate more slowly (Table 5). 

Conclusions 

It has been demonstrated that the time constant or the half-time of the recovery 

limb of the exosomatic electrodcrinal response can be used to distinguish between a 

resting state and a cask state, between responses to the same physical stimulus under 

qualitatively diffarent sets. between responses to the same stimulus at different stages 

of habituation and finally between individuals who habituate at different rates. In some 

cases, significant discrimination would also have been made by treatment of amplitude 

data but in ocher cases, amplitude could not have distinguished between the two condi­

tions. The rate of recovery accelerated markedly under thre:e conditions, all of which 

involved activation from a resting state for performance of a task: ·However activation 

per se does not imply acceleration of the recovery limb. Bursts of strong spontaneous 

activity during "rela.'\':ation" periods were composed of EDRs showing the gentle recovery 

limbs characteristic of isolated responses elsewhere in the rest period. A reasonable 

interp::-etation is that fast recovery rates reflect a m-obilization for goal-directed be­

havior. Spontaneous activation during rest does not possess this quality. To the 

extent that slow habituation represents longer maintenance of a set to re_spond, the 

inter-individual relation between fast recovery limbs and slow habitu_ation rates is 

consistent with such an interpretation. For the electrodermal (but not the vasomotor) 

response the difference in the relationship between tc and habituation rate for the reaction 

) ti..--ne series, where it was appreciable, a.i.d for the tone series, where it w:is-ncgligible, 

lends fur::her suppon co this interpretation. 

l 
i 
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These fir~<lin~s also have o.n importar.t impUcacion in reg~1rd to the n.1ture of 

clcctrodcm1.1l activity. 111e recovery Limb time constant is a rc.:spoasc characteris-

tic by which two cxosomo.tic elcctrodcrmal responses may be qu:?litatively differentiated 

according to the n,1.ture of the stimulus. Another method is by comparison of relative 

~mplitudcs of palmar .llld dorsal finger responses -., This 
--, 

stimulus specificity, together with the independence of th::? recovery rate from a direct 

amplitude effect~ its relation to the occurrence of positive components in the SPR and 

its relation to the occurrence o{ absorption waves suggests the existence of a second 

component in the EDR unde.r independent control. The steeper recovery slopes ap;,arcnt• 

ly associated with goal-directed activation are viewed as representing the a_ctivity of 

a sweat reabsorption mechanism which in some way serv~s as an adaptive process 
.--. 

during such behavior. 
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7. THE ELECTRO!JERiIAL RECOVERY LI~IB ,\S A1'Z INDEX OF GOAL-DIRECTECf 

DEHAV!OR 

It w:is demonstrated in Section 6 that the rate of recovery or an cxosom:itic elcc­

trodcrmal response varies as n function of the state or behavioral activity of the in­

dividual, becoming faster when the subject changes from rest to any- of a variety of . . . 
. . 

tasks. The rate of recovery, which was c::-...-prcsscd in terms of the time constant (tc) 

of_the exponential region of_ the recovery limb, is faster in the presence of positive­

going skin potential responses, -and in the presence of the rccentl}' discovered sweat 
·----. . . _..._ • 

reabsorption response I Although observations in the initial study -
appeared to indicate that acceleration of recovery rate indicates a mobilization for 

. 
goal-directed behavior, the evidence was sug~estive rather than definitive. The tasks 

and stimuli used generally caused an increase in activation level as reflected in electro­

dermal activity or finger vasomotor activity, and an equally tenable hypothesis would 

be that acceleration of recovery rate merely reflects incre3.sed general activation. 

The obvious experiment needed is one in which activation is achieved in one instance 

by task performance, and in the other by a none-task condition, for example, noxious 

stimulation. Such an e.xperiment was one of the key aims of this experiment. •In 

addition further data to evaluate the degree of the dependence of recovery upon such 

tr.ings as response amplitude and base level were needed. Infonnation was also needed 

in regard to the stability of this measure in a given individual over a period of time. 

. ' 
This section deals with additional findings relevant to some of these questions. 

Method 

In one phase of this experiment a gToup of 16 rn:ile medical students was :..:non 

a series of S di.f:fo:rcnt tasks during which skin rcsis:o.ncc m:d fir.3er plcthrsmc~:-a:n 
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were monitored. Twelve of these subjects were tested on four successive oeca.sions; 

one week .i.p.:1rt, under the s.imc stimulus schcdul~. Five adcli~onal subjects were 

run only on selected t.i.sks from this list. 

Electrodermal electrodes were .ipplicd, .iftcr which the subject was seated 

and a st:ibilization period of 12 minutes :illowed. The following schedule of conditions 

was followed without randomizing the order. Const:int order was used to allow maxi­

mum simifarity of the 5 repeat sessions despite the danger of an uncontrolled order 

effect. 

Sequence 

l 

2 

3 

4 

5 

6 

7 

8 

Duration 

2min. 

1 l/2 min. 

1 1/2 min. 

11/2 min. 

l l/2 min. 

2 min. 

2 min. 

40 sec. 

Situation 

Relax ( eyes open) 

Count by ones at own pace 

Count backward from 500 by 7s. 
A new starting point near 500 
was used on each successive week. 

Tak~ deep breaths on command 
(3 at approximately 30-second 
intervals) 

Read aloud 

Mirror tracing 

Relax·( eyes open) 

Cold pressor (hand immersed to 
wrist in ice water) 

Time constants were measured with the curve-matching overlay technique 

described earlier, the first useable wave following the first 15 seconds of each pro-

) cedure being taken as the sample. One requirement was dmt the wave used should 

start at least i seconds from the onset of the prc•:ious wave to avoid inter.iction of 
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J their reco\·cry rates. TI1c avcrai;e of the initial and final resistance levels for each 

of the eight procedures was computed for each subject'. 

) 

) 

Results 

Effect of Task and Activation on Time Constant 

The time const.int (tc) was found to vary cons~dcrably as a function of task 

situation, as found in tlle earlier study. The range of ti.me constants ran from an 

average of 3 .1 seconds in the mirror tracing task to 7. 8 seconds for resting with eY.es 

closed. The ti.me constants for the 8 task conditions were ranked for each of 16 sub­

jects and the average rauk for each task computed. Results are seen in Table 6. The 

. 
Table 6. Average ran.t._s and standard deviations for each of 8 task conditions on 16 

subjects._ 

Condition Order Run Rank S.D. 

Re·st (eyes closed} 7 2. 5 (longest tc} 1.5 
Rest ( eyes open) l 3.2 1.5 
Cold Pressor 8 3.8 2.3 
Deep Breath 4 4.2 2.2 
Count Forward 2 4.8 2.0 
Count Back·ward 3 5.2 1.9 
Read Aloud 5 5.9 2.0 
Mirror Tracing 6 6.4 1.5 

average ran..'<s have been arranged in order with the longest tc at the top. The order 
.. 

in which these procedures were run is also shown, and a Spear.nan's rho test indi­

cated no significant relation between the ran.'<s of the time constants and the order 

run (rho= -.05, N.S.). AWilcoxon signcd-ranl,s test showed th:1.t many of these 

differed significantly. Differences reaching or approac?-Jng significance (two-tailed 
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test) arc shown in Table 7. Slowest recoveries were associated with the two 

conditions and with the cold presser exposure. The remaining conditions appear to 

rank themselves essentially in order of increasing task complexity. 

In view of the fact that recovery rate during the ice water e.'Cposure w~s not 

significantly different from that at rest, although that of_the last 4 tasks was, it 

appears that' activation per se is not an adequate condition for acceleration of electro­

dermal recovery. One may challenge the contention that the cold pressor was as 

activating as mirror tracing, b~t the report of strong pain by 14 of 16 subjects would 

suggest that there at least occurred the kind of arousal associated with strong noxious 

stimulation. Moreover, mean skin conductance levels for the test population we~ 

very similar· for the cold"pressor and mirror tracing conditions, being 28.1 and 

27 .6 micromhos/cm2 respectively (t = 0.36, N.S.). The rate of change of skin 

) resistance during these two tasks also did not differ (t = 0.12, N. S.), nor did the 

frequency of spontaneous responses (t = 0.12, N. S.). Thus, at least according co a 

few so-called electrodermal activation measures, activation levels during ice water 

exposure and mirror tracing were not demonstrably different, although both differed 

from the resting condition. 

Twelve of the above 16 subjects were run once per week for 5 weeks and an 

analysis of variance was performed on the time constants (Table 8). This also demon­

strated a significant difference between tasks (p <.001). 

A final test of the sensitivity of tc to differences in task situation was by 

analysis of the similarity of rankings of these tasks across the 16 subjects, using 

Kendall's Coefficient of Concordan::e. This confirmed the significance of the differen-

) tiation r.v = .31, x2 = 34, p < .001). 



) 

) 

52 

Table 6. .:\vcr:igc r.:inks and stand.lrd dcvi.:itions !or each of S t.:isk conditions on 
16 subjects. 

Condition Order Run Rank s.o. 

Rest (eyes closed) 7 2. 5 (longest tc) 1.5 
Rest (eyes open) l 3.2 1.5 
Cold Presser 8 3.8 2.3 
Deep Breath 4 4.2 2.2 
Count Forward 2 4.8 2.0 
Count Back.ward 3 5.2 1.9 
Read Aloud 5 5.9 2.0 
Mirror Tracing 6 6.4 1.5 

. 
Table 7. Levels of significance of Wilcoxon signed-ranks test for various combinations 

of task situations. 

Backward Deep Cold Rest (Eyes Rest (Eyes 
Condition Counting Breath Pressor Open) Closed) 

• 

. 
Mirror Tracing .OS .02 .01 .002 .005 
Reading Aloud .03 .03 .02 .ocs 
Backward Counting .005 
Deep Breath .1 

Stability of the Time Constant in Reneated Trials 

Not only did the tc offer a stable index of differences between task situations, 

but also of differences between subjects. The analyses of variance of the tc's of 12 

subjects run in the eight task situations on ea.ch of 5 consecutive weeks (Table 8) .. . 
demonstrated a significant difference between subjects (p <.001). In addition there 

. . 

was a significant task-by-subject interaction (p <. 005) as well as the difference be· 

tween tasks already noted. 
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. Table S. Analysis of variance of time constant d:lta from 12 subjects, ri:m in,12•t.1,sk 
situations on 5 consecutive weeks 

Mean 
Source df Squ:i.rc F p 

Subjects 11 109.7 14~5 <.001 
Tasks 1 355.0 47.0 <.001 
Subjects x Tasks 11 28.4 3.&- <.005 

I 

A-: .. 1. indication of the stability of this measure on repeated trials was obtained 

by examining the degree to which the 12 subjects maintained the same rank for a 

given task, over the 5 sessions. The Kendall Coefficient of Coricordance for the 

Backward Counting task \'las .53 (X2 = 29, p< .01) and for the cold pressor exposure 
2 . '. • 

• 65 (X = 36, p < .001). These results indicate that a given subject may show varia"?ion 

in time constant according to the task, but the magnitude of his time constants takes 

· a characteristic positi,on in relation to the rest of the population. • The 5-week data 

for the backward counting task are presented graphically in Figure 19. Each vertical 

line represents the 5-week m~an and± 1 standard deviation of one of the 12 subjects. 

They have been ranked in order of their mean time constants (upper series) and rate 

constants (lower series). Toe rate constant scale increases downward. Note that 

fast recovering subjects are consistently fast and slow :recovering subjects are con­

sistently slow. Note also that the rate constant shows less dependence of variance 

upon mean (r = -0.21) than does the time co:istant (r = 0.84). The solid circles 
• 

represent the mean rate constants for the cold pressor condition over the five weeks 

and in eY.::r.y case they are slower than those for back.·ward countini. An example of 

the range of time constant means over the S co:iditions for the 5 weeks for a single 

l ., 
i 
1 
l 
j 
1 
' l 
j 

l 
l 
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Figure 19. Means and + 1 SD of recovery limb time constants (upper group) and 
rate constants (lower group) for each of 12 subjects tested over 5 consecutive 
weeks. Vertie.ii line data are for the backward counting task. Solid circles 
represent the corresponding means for the cold pressor rate constants. 
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subject chosen a, random is given in Figure 20. Each vertical line represents the 

mean time constant± 1 standard dcv.i.'.ltion. 

Thus the recovery limb measure, preferably its rate constant, constitutes a 

rather stable measure of differences in behavioral situations, and appears to rcflcqt 

the level of involvement in goal-oriented performance .. Jt is capable of discrimination 

under conditions in which base conductance level and (from the earlier study) skin 

conductance response amp~itude do not. 

Relation of tc to Conductance Level 

Although conductance usually increases when a resting subject b~comes activated 

for a task, there is no r~ason to suspect a necessary correlation between conductance 

and tc, i .. e., that the two are causally related. If the type of activation which produces 

) a rise in conduc:ance does not entail mobilization for a goal-directed task, it ls to be 

expected that the ,!:Orrelation would break down. This predictio~-was tested upon a 

group of 21 subjects. Two tasks were chosen, both activating, but only one of them 

) 

. involving a cognitive task. The first was a Cold Pressor exposure, the second, the 

Backward Counting task. Correlations were essentially as predicted. The Pearson's 
I • 

r between SC and tc during Cold Press or was - . 23 (N. S.) whereas that for Back."ward 

Counting was -0.49 (p < .05). The above determinations are in themselves inadequate 

to justify the conclusion that tc is independent of skin conductance level. Another 

an-:ilysis does, however, point toward such a conclusion. The 4ata for the above cor-

1·eki :om! analysis was subj~cted to a t-test for ~fferences between tasks. The time 

conf:~ ..... ~ts were significantly different (p <.01), but the SC levels were not. 
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REC REO CP DB CF CB RA MT 

.. . 
Figure 20. Means and+ 1 SD of recovery limb time constants for a single subject 
for each of 8 conditions over a series of 5 consecutive weeks. Abbreviations are: 
REC, resting (eyes closed); REO> resting (eyes open); CP, cold presser; DB, deep 
breaths: CF, counting forward; CB, counting bad.·ward; RA, reading aloud; ~IT, 
mirror tracing. • 
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Rcl~tion or Time Cons:::1nt to Performance 

The earlier interpretation that the recovery limb time constant .,,:as related to 

mobilization for goal-directed acti\'ity implied a. relation between the degree to which 

mobilization occurred and the level of performance. TI1e relationships between tc 

and two measures of performance in the Backward Countini (by 7's) task were exnmincd. 

One meas~re ,~:is the number of errors made, the other the rate of counting. The 

number of errors was determined by determining the number of times subtraction of 

seven from the previous number was in error. The rate was expressed in terms of 

total span for the backward cowtt in the 90 seconds allowed. Results on a population 

of 12 showed that subjects with shorter time constants tended to count faster (t = l. 96) 

and to make fewer errors (t = l. S2). Levels of confidence for these, using a two-

tailed test, were at the 0.1 level. (Note: Although the direction was predicted, this 

investigator has discontinued the use of one-tailed tests). 

Functional Interpretation 

In looking for a functional interpretation, one may point to the results of 

experiments over the last several years which show the relation of the recovery limb 

to rate of reabsorption of sweat. In some recent experiments, a new method has been 

utilized for demonscratip.g this relation. If a prism is illuminated for maximum internal 

reflection and placed on the skin as was done by 
-· 

--· 
.. ..\ sweat droplets 

appear as black points on a white field. This method may be cariieQ to its logical . 

next stage, namely. the placement of a photocell at the proper point in the light path 

to integrate and follow the field of punctate sweat droplets. Fig-.1re 21 shows such a 

) recording. The o.obreviJ.tion CSR refers to who.t I call the optical swe.:it response, the 

SC'?, to the cc:icucto.nce response. It is first noted th.it the sweat c!roplets, alt.'lou~ 
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OSR 

SCR 

QSR • . . . . . 

Figure 21. Simultaneous tracing of skin conductance response and optical sweat 
response from each of two subjects. Time marks are 10 seconds. 
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covered by a glass plate, do not simply accumulate on the surface during· and follow­

ing a response, but are immediately reabsorbed, so that despite continuing activity, 

the moisture content of the surface remains relatively constant. The second point 

of interest is that when the skin conductance trace shows slow recovery limbs as in. 

the upper pair, so does the optical sweat response as compared with the lower pair 

in which electrical and optical recovery rates are rapid. Such demonstrations, along 

with those already reported using other methods, imply that changes in the recovery 

limb are at least in part indicative of a change in the rate of the reabsorption process. 

Because differences in the state of hydration of the skin surface are known to 

influence tactile and manipulative performance, one is tempted to hypothesize that 

control of reabsorption, like control of sweating, may be part of the adaptive prepara­

tion for these types of behavior. This may explain the apparent relation of recovery 

rate to mobilization ior goal-oriented performance. 

Conclusions 

The time constant measure appears to be capaJ;>le of reflecting differences in be­

havioral situations with a relatively high resl)lution. Jt has been demonstrated to dis­

criminate when the .base level measures did' not, and in the earlier study when amplitude 

did not. It is relatively stable over time, at least insofar as the position of an individual 

in a group is concerned. Finally, since tc is loI,gest with the subject at rest or e.xposed 

to a cold pressor task, and becomes progressively shoner as the task becomes more 

goal-directed (calculation, reading, and mirror tracing), the findings support the 

. earlier interpretation of tc as reflecting mobilization for goal-directed performance. 
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12. VASCULAR EFFECTS UPO~ SKL'-: POTE~TIAL 

------7produccd cxpcri-
---

Althou.,.h, 
0 ..___ 

mental evidence that vasculilr changes pl:ly only a negligible role, i! any, in 

accounting for eleccrodermal activity, the focus of these experiments was upon 

conductance changes. The possibility tlut vasomotor effaces could account !or at 

l~st some skin potential changes remained. The observation that potential re­

sponses could be recorded from the nail .bed which is devoid of sweat glands 

--1 • 

! suggested that blood vessels might indeed account for some pot-
.._... ~ 

ential shifts observable at the skin surface. 

This study e.-ca.mines the possible role of-vasomotor changes in producing 

c:.i.ange of surface po~ntial, Toe approach was to induce alterations in the state 

of peripheral vessels by mechanical ~eans .and to observe any concomitant potential 

changes not ascribable to central reflex effect. Venous occlusion was used as a 

:nethod for engorging che veins while maintainlr1z flow and arterial occlusion for 
t~ 

interrupting fl.ow without engorgement. A simultaneous :recording of a non-occluded 

homologous conttalateral s. would sers:e as a control for centrally induced ch~ges 

in potential. 

Method 

Subjects were 11 males and 2 females in ti~e age range from 18 to 42. Skin 

potential (SP) was recorded from the palmar and the dorsal surfaces of the middle 

phalan."C of the middle finger of each hand. Each site was recorded with reference to 

an in:lctive skin site·above the ipsilateral clavicle. This reference was chosen to be 

outside t.'1e occluded. re~ion so that comr:-,on-mode effects would not c:i.ncel out elicited 
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changes. A direct-coupled rcflect:mce plcthysmograph was attached to the dorsum 

o! the middle segment of the indc.'C finger of the experimental arm, i.e., the arm 

around which the blood pressure cuff was placed. 

Procedure 

The pressure cuff around the upper part of the experimental arm was rapidly 

inflated to 60 mm Hg or to 180 mm Hg and kept at that pressure for one minute. 

Follo_wing deflation at the end of the one minute period of inflation a rest period of 

one to two minutes preceded the next inflation. Each S received at least 5 trials at 
• -

60 and at le.'.J.st 4 at 1S0 mm Hg. Toe experimental arm was alternated from one S 

to the ne."tt. Inflation of .the cuff to 60 mm Hg prevented venous return from the arm 

and lead the arm to ·become engorged distal to the cuff due to the unimpeded arterial 

) flow. Inflation to 1S0 mm Hg collapses both the arterial and ve~ous systems, thereby 

completely occluding blood flow to the arm below the cuff. Plethysmographic record-

) 

-
ings confirmed these differential hemodynamic effects associated with the two levels 

of pressure. 

Data Treatment 

The analysis was guided by the need to answe~ two experimental questions . 

. -.-First, does either of the two inflation pressures result in fluctuations of SP at _,, 

experimental sites and not at control sites? Second, if shifts of SP level are demon-
• 

strated for the experimental sites, are these shifts different for venous engorgement 

than for arterial occlusion? 

Each of the four SP chaMels was scored identically. Since it appeared that the 

period of greatest change in the two experime:.t:i.l c.hannels occurred about 5 seconds . 
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after the release of pressure, this point was chosen as an arbitrary reference. 

The slope oi SP during the 10 seconds preceding this point was determined by 

measuring the difference in potential between the reference point and a second point 

10 seconds ~rlier. Likewise the SP slope was also fou_nd bet.ween the reference 

• point and the level of SP at _a poirit· 10 seconds later. If the change during any 10 

. second period was towards increasing positivity the slope score was also assigned 

a positive sign, and conversely. A cha.nge score ( Ll-slope) was calculated from 

'. the ~o slopes by taking the absolute difference between them. Thus, each .6-slope 

score represented the magnitude of the algebraic change m slope between the first 

and last 10 seconds of the 20-second scoring period, independent of the direction of 

change. 

Results 

Comparison of Experimental Versus Control Sites 

It was predicted that either engorgement, occlusion or both would lead to 

alterations in SP levels at the experimental sites but not at control sites. This 

assumption was tested by a between-S comparison of ~-slope scores between - . 

e%perimental and control sites. Analyses ,vere accomplished separately for the 

180 mm and 60 mm conditions and, within each of these, palmar and dorsal compar-

..,.--· isons were also exaIT'l.ined separately. In each of these four conditions, the a ... erage 

~ -slope score of the control site was computed for each§_. These average ~-slope 

scores for e.xperlmental and control sites across subjects were subsequently sub­

jected to analysis by t-tests for corr~lated means. The results of the four between-S 

) t-tests are summarized in Table 15. 
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Table 15. Change in slope of SP after release or pressure: between·§. compari.sp~s 
of experimental vs . control sites. 

Site 

Dorsal 
Palmar 

*p < .01 

60 mm Hg 

Pressur<,'! Level 

180 mm Hg 

5.74* 
5.25* 

The significant levels of these t analyses indicate that, for the group as a whole, there 

were larger shifts at experimental sites than at control sites. This was true for both 

palmar and dorsal regiqns and for both 60 and 180 mm Hg. 

An effort was also made to examine the intra-subject reliability of this effect. 

) This was accomplished. for each of the 13 §_s. by computing four t-tests for correlated 

means. based on the distribution of his A ·slope scores across trials. Table 16 in­

dicates how many of these 52 comparisis were significant (i.e., magnitude of SP 

change greater at experimental than atrnttol sites), and at what level of significance. 

-----· -

) 

Table 16. Change in slope of skin potential: within§. comparisons of experimental vs. 
control sites. Values are in terms of the frequency of each level of signifi- • 
c:ance obtained by t-test. 

Significance Level 

Condition .01 .05 . 10 Nonsig • 

60 mm Hg - Dorsal 7 l 2 3 
60 mm Hg • Palmar 5 1 1 6 

180 mm Hg • Oorsat 10 0 1 2 
180 mm Hg • Palmar 9 2 0 2 
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As can be seen from· this table, at least S of the 13 §_s in ea ch group, except 

60 mm Hg-Palmar, demonstrated t values significant at the .05 level or better. 

In addition, the physiological recordings for certain comparisons which were not 

significant, clearly appeared to show the experimental. effect, but due to variability 

of the control site significance was not obtained. 

Polarity of SP Shift as a Function of Venous vs. Arterial Occlusion 

The first two analyses confirmed the existence of a shift in SP slop! at a point 

approximately 5 seconds after release of pressure. The two sites on the experimental 

band exhibited significantly greater SP fluctuations than control sites for both 180 and 

60 mm Hg •. However, tbe pattern of change in SP seemed different for these two degrees 

of pressure. Typically, with the initiation of venous occlusion, SP became gradually 

) more negative during occlusion and upon release reversed this trend and became more 

positive beginning about 5 seconds after release. This contrasted with the pattern of 

SP change induced by arterial occlusion. In this condition SP dipped sharply towards 

increasing positivity about midway through the inflation period and then changed to a 

more negative level, again beginning at a point about 5 seconds following deflation. 

These distinct response patterns for 60 • and 180 rnm Hg may be illustrated 

simply by counting the number of §_s whos~ SP tended to-shift in a positive directio~ 

./--· following the termination of venous occlusion and in a negative direction upon the 

conclusion of arterial occlusion. Table 17 contains these figures. In three groups 

there was nearly complete cor,.gruence; all §_s but one shifted in parallel directions. 

Five §_s in the 60 mm Hg-Dorsal cell shifted ·in a negative direction, but for only 

two of these §_s was this paracoxical reversal at all pronounced. 
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Table 17. Frequency and average magnitude of positive and negative SP shifts 
after release of pressure (experimental sites only). 

60 mm Hg 

Dorsal 
Palmar 

180 mm Hg 

Dorsal 
Pa.lmar 

Pos. Shift 

8 
13 

0 
1 

Neg. Shift 

5 
0 

13 
12 

X Pos. 

0.3i mv 
0.17 mv 

. X Neg. 

0.73 mv 
0.56 mv 

The average magnitudes of the positive shifts occurring at the offset of 60 mm 

and of the negative shift following the end of a 180 mm trial are listed in the last two 

) _columns of Table 17. The five subjects whose mean change was negative were not 

included in the 60 mm Dorsal mean; likewise, the one subject for whom a p·ositive 

shift appeared after 180 trials and not added to the 180 mm Pa.lmar group for this 

analysis. As these magnitude figures indicate, changes of SP levels that occurred. 

_,- ..... 

) 

i.e. relation to 180 mm Hg trials were more salient than the less marked shifts associated 

with the 60 mm Hg_condition •. 

Summary 

It has been demonstrated that certain changes in surface potential are consistently 

brought about by manipulation of vascular _state. These changes are particularly marked 

during the sudden return from the altered state and may indicate a local reflex involving 

compensatory changes in smooth muscle of the blood vessels. This .experiment does 

_ .. "i 
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not demonstrate that such changes arc also produced by central effects bufsuch 

a likelihood is m:idc plausible by these findings. While secondary alterations, e.g., 

of sweat glands, could expfain these data, the most parsimonious cxpfan:ition is 

that they reflect local vasomotor alterations. 




