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ABSTRACT

THE STIMULUS SPECIFICITY OF THE ELECTRODERMAL

RECOVERY'TENE: AN EXAMINATION AND

REINTERPRETATION OF THE EVIDENCE

By

Robert Stuart Bundy

This research was designed to test the hypothesis that the re-

covery time of the skin conductance response can be (a) independent

of other electrodermal measures and (b) responsive to particular stim-

ulus manipulations when other more commonly used measures of electro—

dermal activity are not. Experiment I employed a reaction time task,

each trial consisting of a warning tone and an execution tone. The

results indicated that the recovery time discriminated the two signals

only when the number of responses in the intertrial interval and pre—

paratory interval differed. For those subjects who responded only to

the signals, the recovery time was strongly correlated with the inter—

trial interval but did not discriminate the two signals. In experi-

ment II each subject was presented three different stimulus conditions

(mirror tracing, rest and pressor) in all possible stimulus orders.

The recovery time did not discriminate between the stimulus conditions

differently than any other electrodermal measure. The results of

these experiments suggest that the recovery time primarily reflects

the amount of previous responding and is not independent of other

electrodermal measures. The relevance of these data to other research

implicating a dual component electrodermal system is discussed.
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INTRODUCTION

Researchers in virtually all areas of psychology have used elec-

trodermal measures as dependent variables. Edelberg (1972a) estimates

the electrodermal literature to encompass over 1500 articles in the

English language alone, providing a convincing numerical confirmation

of their relationship to psychological phenomenon. This is especially

impressive in View of the fact that we do not yet fully understand the

physiological mechanisms or the adaptive functions of these responses,

nor have we arrived at consensus opinion of proper recording tech-

niques (Lykken, 1968).

Regardless of the method being used to record electrodermal activ-

ity, investigators often implicitly assume that electrodermal activity

most directly reflects the secretion of sweat by the sweat glands. In

spite of this several investigators have suggested that there may be

more than one effector system and that these systems may be independ-

entIy innervated (Darrow, 1927, 1933; Davis, 193A; Edelberg, 1964,

1966, 1970, 1972a, 1972b; Edelberg & Wright, l96A; Katkin, 1965;

Wilcott, 1964). If electrodermal activity does reflect the activity

of two different effector systems then it should be possible to ana-

lyze electrodermal activity such that the relative influence of the two

components could be determined. This is of interest to behavioral

scientists because of the possibility that different components of

electrodermal activity may be individually responsive to different

1
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behavioral manipulations. In general, investigators have successfully

demonstrated that different electrodermal measures might be differ-

entially responsive to different stimulus manipulations. In many

cases data from.these studies have been taken as evidence for a dually

innervated response system. This evidence is listed below according

to the electrodermal measures which have been used.

1. The positive component of the skin potential response is more

likely to appear with intense stinmli than with fairly neutral stimuli

(Burnstein et. al., 1965; Forbes, 1936; Forbes & Bolles, 1936;

Fujumori, 1955; Raskin, Kotses & Bever, 1969; Wilcott, 1958). Raskin,

Kotses and Bever (1969) argue that the positive component reflects a

defensive response which is qualitatively different from an orienting

response which is represented by the negative component.

2. Alerting or orienting responses are associated with relatively

larger skin conductance responses on the dorsum.of the hand.whi1e de-

fensive, anxiety-like responses are typically associated with relative-

ly larger responses on the palmar areas (Katkin, weintraub & Yasser,

1967; Mordkoff, Edelberg & Ustick, 1967). These findings assume that

one component of the response is located in the epidermis and that this

component is more in evidence in areas of lesser sweat gland concentra-

tion such as the dorsum.of the hand. Thus, palmar responses more accu-

rately reflect the sweat gland component of the response since there is

greater sweat gland concentration in the palmar region.

3. The correlation between skin potential level and skin conduc-

tance level may be fairly high during rest but Hay be near zero during

periods of active motor performance (Hupka & Levinger, 1967). Lykken,

Niller and Stratham (1968) have shown that the correlation is high for
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subjects with a low skin conductance level. These two reports seem.to

be consistent since one would expect that motor performance would be

accompanied by a higher skin conductance level.

A. Skin conductance level and electrodermal frequency are inde-

pendently related to different psychological processes (Katkin, 1965;

Kilpatrick, 1972; Miller, 1968; Niller & Schmavonian, 1965). In gen—

eral it appears that electrodermal frequency is related to emotional

arousal while skin conductance level is related to cognitive processing

(Kilpatrick, 1972).

5. Water absorption responses are more likely for some tasks than

fer others although skin conductance responses are in evidence during

all tasks (Edelberg, 1966). Water absorption was measured by passing

saturated air over the skin surface and measuring the amount of water

loss from the air.

6. The recovery time of the skin conductance response is fairly

independently related to the goal orientation of the subject (Edelberg,

1970, 1972b). Slower recovery times are related to more defensive,

anxiety like responses while faster recovery times are related to goal

oriented activity. Axe and Bamford (1970) have shown that the recovery

limb can discriminate between subtypes of schizophrenia based on bio-

chemical analysis. Furedy (1972) has indicated that the recovery time

is a highly sensitive indicator of the anticipated intensity of elec-

trical shock.

The last two approaches are of.most interest because they repre-

sent attempts to find measures directly related to hypothesized

effector systems. Edelberg (1972a) has proposed an electrodermal

model which can explain.most data in which it appears that different
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measures of electrodermal activity may be relatively independent of

each other. Edelberg believes that most of the data can be accounted

for if sweating and reabsorption are separately controlled processes.

For example, if the reabsorption process were active, the recovery

times would be shorter, there would be less change in skin conductance

level, and the positive component of the skin potential response would

be more prominent.

Edelberg concludes that recovery time most unequivocally reflects

the reabsorption response and that the recovery limb is a measure of

the subject's goal orientation. 0n the other hand, more commonly used

measures of electrodermal activity such as skin conductance level and

electrodermal frequency are simply measures of general activation.

These conclusions are derived from a series of experiments in.which

subjects are asked to perform various tasks while electrodermal meas-

ures are recorded. In the first series of experiments (Edelberg, 1970)

the data indicated that the recovery time could be used to discriminate

one task from another when more commonly used measures of electrodermal

activity could not. However, insufficient data presentation in these

experiments does not allow one to determine whether recovery time was

indeed independent of skin conductance level and electrodermal frequen—

cy. For example, one cannot determine whether gross changes in elec-

trodermal frequency or skin conductance level between tasks influenced

the recovery time. If the recovery time is independent of other elec-

trodermal activity, one would expect that responses occurring in close

temporal contiguity should at least occasionally have different recove

ery times.

The only experiment in this series in which adjacent responses
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were compared involved a reaction time task. In this experiment the

recovery time did differentiate between the warning and execution sig—

nals for six of the nineteen subjects. In five of these six subjects

shorter recovery times were elicited by the execution signal.

Edelberg's second recovery limb report (1972b) seemed to be de-

signed to correct some of the methodological inadequacies reported in

his previous article. In this experiment each subject was put in seven

different tasks and the skin conductance level, electrodermal frequen-

cy, and recovery time were measured fer each of the tasks. The re-

sponse pattern.was similar for most tasks with lower electrodermal fre-

quencies being associated with lower skin conductance levels and longer

recovery times. The one exception to this pattern was the cold pressor

task in which there was a high skin conductance level and a high elec-

trodermal frequency but a long recovery time. Edelberg concluded that

these data indicated that the recovery limb was a measure of goal ori-

entation since the cold pressor task was not a goal oriented activity

while all of the other tasks which produced faster recovery times were

goal oriented.

The design of this experiment leaves several questions unanswered.

For example, all subjects received the same order of task presentations.

Since it is not known how previous electrodermal activity affects the

recovery time of subsequent responses it could be that the long time

constant associated with the cold pressor task is due to some peculiar

order effect rather than due to the nature of the task. Moreover, the

effects of vasomotor activity on the recovery limb are not known. It

is known that vasomotor activity affects the height of the response

(Edelberg, 196“). Since immersing a hand in cold water normally
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produces vasoconstriction in the rest of the body, it is possible that

the longer recovery times are due to vasomotor activity rather than

due to the effects of some effector in the epidermis.

There are solid empirical grounds for questioning Edelberg's

interpretation of his data. Pilot research conducted prior to the

experiments reported herein indicated that the recovery limb is strong-

ly influenced by responses which occur prior to the response in ques-

tion. Responses which closely follow other responses have faster

recovery times than do responses which are not immediately preceded

by a response. Thus, in a reaction time task it could be that there

is some anticipatory responding in the preparatory interval which

causes the recovery time of the response to the execution signal to

be shorter. While this effect might be due to some central process

the possibility of a peripheral effect cannot be discounted. If the

recovery limb is a function of previous responding, Edelberg's

finding (1972) that slow recovery times were associated with the

cold pressor task could be due to an order effect. In that experi-

ment the cold pressor task was preceded by the task which produced

the lowest electrodermal frequency, the rest period.

The present study was designed to examine some of the findings

reported by Edelberg (1970, 1972b). Specifically, it was designed

to determine (a) whether the recovery limb might be influenced by the

occurrence of previous responses and (b) whether there are some

effects which might be due to the vasomotor activity arising from

the use of the cold pressor task.

Experiment I was designed to replicate the reaction time
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experiment reported by Edelberg (1970). Experiment II was designed to

.examine the critical features of the second recovery limb study report-

ed by Edelberg (1972b). In the latter study Edelberg chose three Stiflb

ulus situations for special analysis; the rest period, the mirror

tracing task, and the cold pressor task. Experiment 11 employs these

three stimulus situations but unlike Edelberg's study the order was

varied. Moreover, one half of the subjects received the hot pressor

task rather than the cold pressor task.

Method

Sub ects

The subjects were twelve males and twelve females who received

extra course credit for their participation. They were recruited from

introductory psychology classes at Michigan State University. Subjects

who did not give scoreable responses in at least two of the three task

situations in experiment II were replaced until there were a total of

2“ subjects. Five subjects were replaced for this reason.

Apparatus 6

Skin potential and skin conductance were recorded on a Beckman

type RS Dynograph with both channels operated in the DC mode. The fre—

quency response of the channels was flat to 60Hz. All electrodes were

of the silver—silver chloride type, constructed according to venables

and Martin (1967). The electrolyte was a Unibase preparation (Lykken

& Venables, 1971). For the skin conductance measure a constant voltage

(0.5V) bridge was used which had an output of 1.0mv per 1.0 micromho of

input. The polygraph then read out directly in conductance units.

INnediately before applying the electrodes, the sites were cleaned

with 70% ethanol prep pads and allowed to dry. The two conductance
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electrodes were placed about 1.5 calapart on the hypothenar eminence of

the left hand. The active skin potential electrode was placed on the

thenar eminence of the same hand. The reference electrode was placed

over the ulnar bone on the left arm one fifth the distance from.the

elbow to the wrist.

Design and Procedure
 

When the subject reported for the experiment he was given a copy

of the instructions and asked to read along while the experimenter

read the instructions out loud. (See appendix A for a representative

copy of the instructions.) After the instructions were read, the sub-

ject was asked if he had any health problems which might become a

problem.during the experiment because of the stressful effects of the

pressor task. No subjects refused to participate fer health reasons.

The subject was then shown the mirror tracing apparatus and instructed

in its use. The electrodes were then attached and the subject was

seated in a sound resistant booth and shown the reaction time switch.

After the polygraph operator confirmed that everything was operating

properly, the booth was closed and the subject was told to sit quietly

and relax for about five minutes until the reaction time experiment

began.

Experiment I

The reaction time experiment consisted of 15 reaction time trials.

The alerting and execution signals were 75 db tones delivered from.a

speaker and of .5 second duration. One of the signals was a 400 Hz

tone while the other signal was a 1500 Hz tone. One half of the sub-

jects received the low tone for the alerting signal and the high tone

for the execution signal (the RTA condition). For the other subjects



9

the high tone was the alerting signal and the low tone was the execu-

tion signal (the RTB condition). The intertrial interval and prepara-

tory interval ranged from.10 to 30 seconds with a mean of 20 seconds.

There were four different random sequences which are listed in appen—

dix B. These sequences were assigned to the subjects according to the

subject list in appendix C.

Experiment 11

This experiment included three different tasks presented in all

possible orders. Subjects were assigned to the different orders ac-

cording to a predetermined list (see appendix C). The tasks were:

1. Nhrror Tracing (MT)

The subject was given the mirror tracing apparatus and was

told to start tracing as soon as the blue light came on and to

stop the task as soon as the light went off. The light was on

fer two minutes.

2. Presser; hot pressor (HP) or cold pressor (CP)

A container of water was placed in the booth and the subject

was told to immerse his hand up to the wrist when the blue light

came on and to remove his hand when the light went off. The

light was on for 40 seconds. For one half of the subjects the

water was at zero degrees centigrade and for the other subjects

the water was at forty eight degrees centigrade.

3. Rest Eyes Open (RED)

The subject was told to rest with his eyes open until given

further instructions. This period laster for two minutes.
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Data SCOring
 

Experiment I

The recovery times of all scoreable stimulus elicited responses

were measured using the half—time method (Edelberg, 1970). A scoreable

response was defined as a response which had a pen deflection of at

least 3 mm, occurred at least seven seconds after the previous response

and recovered at least half its height before the next response.

Experiment 11

The skin conductance level, electrodermal frequency, and time

constant were determined for eaCh.task for each subject. The skin

conductance level was the average of the initial and final level for

each of the tasks. The electrodermal frequency was the count of all

responses which produced positive going pen deflections during the

task divided by the number of minutes in the task. The recovery time

was measured from the first scoreable response which occurred at least

15 seconds after the start of the task. Responses were rated as being

scoreable or non-scoreable according to the criteria mentioned fer

experiment I.

Results and Discussion

'EXperiment I

Since Edelberg's original report (Edelberg, 1970) indicated that

the recovery time could discriminate between the warning and execution

signals only for some subjects, a group analysis was not perfbrmed on

the reaction time data. The data for individual subjects is summa—

rized in Table 1. The subjects are ordered according to the ratio

of the average recovery time of the execution signal response to the

average recovery time of the warning signal response. The heights of
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the responses which occurred between the stimuli were added together to

determine the total height for the intertrial and preparatory intervals.

The "N" is the total number of trials fronlwhich responses were record-

ed. For example; if, as in subject 3, there were a total of two re—

sponses each with a height of 0.1 micromho, then in all of the 15 in-

tertrial intervals the total height would be 0.2 for the intertrial in—

terval. The total height for the warning and execution responses is

the sum of the heights of all of the signal elicited responses.

Only 8 of the 24 subjects had shorter recovery times to the execu-

tion signal than the warning signal and only in subject 12 (t=2.55,

p<.02) and subject 16 (t=2.40, p<.05) did this relationship reach sta-

tistical significance. This is considerably less than in Edelberg's

experiment in which 5 of 18 subjects evidenced significantly faster

recovery times to the execution signals than to the warning signals.

The 2 subjects who did show significangly faster recovery times to

execution signals showed a response pattern distinctly different from

the patterns of other subjects. These 2 subjects reSponded more in the

intertrial and preparatory intervals, gave responses to most of the

stimuli, and tended to give responses of about equal height to the

warning and execution signals. The fact that these subjects gave more

responses in the preparatory interval than in the intertrial interval

is consistent with the hypothesis that it is the greater number of re-

sponses in the preparatory interval which cause the recovery times of

execution responses to be faster. A typical skin conductance record

from a reaction time experiment is shown in.Figure 1. Note the spon—

taneous responses which occur before the execution signal and which

apparently cause the recovery times of the execution response to be
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faster.

Although special emphasis has been placed on the role of these

spontaneous responses there is no reason to believe that stimulus

elicited responses have different effects on the recovery tine than do

spontaneous responses. Figure 2 shows a polygraph.record in which all

of the responses are stinulus elicited. In this case the responses

which closely fellow other responses have faster recovery times. In

addition, the effect seems to be cumulative in that the last response

in the series has the fastest recovery time.

The data also suggest that there night be effects due to response

height. For most subjects the average recovery time of the execution

responses was longer than that of the warning responses. In nearly all

of these subjects the total height of the execution responses were

larger than the total height of the warning responses. This could

mean that the recovery tine and response height co—vary such that most

subjects have longer recovery tines for the execution responses. It

could also mean that the height of the previous response has some

effect on the recovery time. Because the response to the execution

signal usually follows a relatively small response, the time constant

of the execution response might be longer.

Since the data in Table l are either sums or averages across 15

trials the actual relationships between the response intervals and the

response heights are obscured. To examine these relationships more

carefully the data from 5 subjects were selected for individual analy-

sis. These particular subjects were selected because they emitted

relatively few spontaneous responses and they tended to respond to

nearly all of the stinmfli. This assured that there would be a
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sufficient number of responses from each subject to perform a meaning—

ful analysis and that the time between the responses would be within

the range of the intertrial and preparatory intervals. Subjects 6, 9,

19, 21, and 24 were selected for this analysis.

First a Pearson product moment correlation was computed between

the recovery times and the time since the previous response (rTF).

These correlations are shown in Table 2. A scatter plot of subject 9's

data is shown in Figure 3. These correlations take into account only

the time since the previous response and do not take into account the

effects of the size of the previous response or the existence of other

responses just prior to the response in question.

TABLE 2

Individual correlations between recovery time (T), response interval

(I), height and distance of previous responses (X), and response

height (H)

Subject# Q 2 12 a all

rTI .56 .87 .13 .71 .59

rTX .64 .91 .52 .au .73

nm .143 .05 .77 .03 .53

PT.HX .69 .91 .93 .83 .94

In order to account for these other factors a simple formula was

employed which weighted the sizes and distances of the two previous

responses. This formula, which is shown in Figure 4, is probably not

the best formula but only one which seemed to fit the data. A scatter

plot of this transformed data is shown in Figure 4. The correlations

between this transformed data (X) and the recovery times for the

subjects selected for special analysis is shown in Table 2. In all
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cases the transformed data gave improved predictive power fer the re-

covery time but the improvement was:much greater fer some subjects

than fer others.

Although Edelberg (1970) has suggested that the recovery time and

the response height are independent, he did at times obtain fairly

large correlations (>.50) between response height and recovery time.

For this reason a correlation was performed between the response

height and the recovery time fer all of the subjects selected for

special analysis. These correlations (rTH) are shown in Table 2.

Finally a.multip1e correlation was perfbrmed between the transfbrmed

data, the height of the response and the recovery time. These corre-

lations also are shown.in Table 2.

In all cases a large portion of the variance can be accounted for

by knowing the amount of previous responding and the height of the re—

sponse. While the multiple correlations are very high, one cannot

completely discount the possibility that the recovery limb is somehow

modified by some neural effector which can Operate independently of the

sweat gland innervation.

It could be argued that since all of the correlations were below

1.00 that the remaining variance is due to the actions of the other

effector system. Even with the highest correlation, .94, it is possi—

ble that another variable could correlate as high as .34 with recovery

time. Many experiments reach statistical significance with correla—

tions of that magnitude or less. While this explanation is logically

possible it seems quite unlikely. In the first place some of the

remaining variance is due to measurement error. There is a considerar

ble amount of Visual estimation involved in scoring the polygraph
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record and some fairly subjective judgments in determining whether a

response is scoreable or not. Edelberg (1970) has reported an intern

scorer reliability of .93 while Lockhart (1972) has reported an inter-

scorer reliability of .94. The within scorer reliability is prObably

somewhat higher but it is certainly not perfectly reliable. Also, the

correlations are only a measure of the strength of relationship of the

linear components of two variables. The mathematical relationships of

the variables used in this study have not been determined. The equa-

tion used to weight the sizes and distances of the previous responses

is probably not the most appropriate mathematical model and perhaps

another equation would yield better correlations. Finally there is

some unpublished evidence suggesting that the recovery limb becomes

longer over a period of time, probably due to the effects of the

electrolyte on the skin surface. Given all of the factors which

might account for the remaining variance in the data it seems quite

unlikely that there is much variance which could be accounted for by

the effects of another effector system.

It could also be argued that although the hypothesized second

effector system is independently innervated, it is normally highly

correlated.with sweat gland activity through some centrally mediated

process. In View of the notoriously low correlations between the

various autonomic measures this explanation also seems quite unlikely.

For example, Lucio, wenger and Cullen (1967) Obtained intercorrelations

of 19 different measures of autonomic activity from.166 subjects. The

highest correlation Obtained between independently innervated response

systems was .25.
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Experiment 11
 

Analyses of variance were perfbrmed on the three dependent variae

bles; electrodermal frequency, skin conductance level, and recovery

time. The independent variables for the analyses were sex, pressor

(hot or cold) and task (mirror tracing, pressor and rest). The task

variable was a within subjects factor while the other variables were

across subjects.

The summary table of the analysis of variance for electrodermal

frequency is shown in Table A3 of Appendix E. The only variables

reaching statistical significance were pressor and task. Although the

pressor variable only reached minimal significance (p<.l) the data bear

looking into since the effects of temperature of the pressor task on

electrodermal activity might be of interest. The effects of the cold

pressor task are usually assumed to be a result of induced stress

rather than thermoregulatory activity. If the different pressor tasks

affected only the pressor task itself but did not affect the other

tasks, one would expect that the task by pressor interaction would also

be significant. The fact that this interaction did not approach sig—

nificance indicates that those subjects who were in the cold pressor

task gave different electrodermal frequencies on the other tasks as

well. Table 3 shows this relationship. The means fer all of the tasks

are higher when they are associated with the hot pressor task than when

they are associated with the cold pressor task, even though the pressor

task was the only one being manipulated. Since all of the subjects

were informed of the type of pressor task before entering the experi—

ment, it is possible that the effect is due to an instructional varia-

ble. The thought of’immersing the hand in.hot water may be more
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anxiety provoking than immersing the hand in cold water. It is also

quite possible that this effect is simply due to sampling error and

could not be replicated. This is reasonably likely since the finding

is only minimally significant.

TABLE 3

Electrodermal frequency means for hot pressor and cold pressor groups

 

 

Rest Pressor ”Mirror tracing,

Cold Pressor 2.0 6.1 7.0

Hot Pressor 5.0 9.8 11.5

The task effect was highly significant. The relationship be—

tween the task means are shown in Table 7. Both the pressor and mirror

tracing tasks produced relatively high electrodermal frequencies while

the rest period produced lower electrodermal frequencies. T tests for

related measures were perfbrmed to determine the degree to which the

electrodermal frequency measure discriminated between the different

tasks. The t values and the levels of significance for these tests are

shown in Table 4. These data replicate those of Edelberg (1972) who

found that the electrodermal frequency measure discriminated the rest

task from.the pressor and mirror tracing task but did not discriminate

between the mirror tracing and the pressor tasks.

The summary table for the analysis of variance perfbrmed on skin

conductance level data is shown in Table A4 of Appendix E. Task was

the only variable reaching significance. The pressor variable did not

reach significance but did reach a higher F value than any of the other

nonsignificant variables and in this respect seemed to parallel the

electrodermal frequency data.
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TABLE 4

T values and significance levels of t tests performed on the electro-

dermal frequency data

 

Mirror tracing, ' PreSSor

Rest t=6.87 t=3.98

p<.001 p<.001

Pressor t=0.90

p>.l

The skin conductance levels for the mirror tracing and pressor

tasks were higher than for the rest task (see Table 7).

related measures were performed

T tests for

to determine the degree to which the

skin conductance measure discriminated between the three tasks. The

t values and the levels of significance are shown in Table 5. These

data again replicate those of Edelberg who found that the skin conduc-

tance measure discriminated the

pressor tasks. Thus, the skin

rest task from.the mirror tracing and

conductance level and electrodermal fre-

quency measures display the same pattern of discriminability among the

three tasks.

TABLE 5

T values and significance level

tance level data

s of t tests performed on skin conduc-

 
Mirror tracing Pressor

Rest t=3.72 t=3.69

p<.002 p<.002

Pressor t=0.05

p>.l

The summary table fer the

recovery time data is shown in Table A5 of Appendix E.

analysis of variance performed on the

Because the
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recovery time measure could only be taken from scoreable responses

there were a total of 9 tasks in which there were no scoreable re—

sponses. To perform.the analysis of variance on the recovery time

data the missing points were estimated according to the procedure out-

lined by Winer (1971, pp 487-490). The.mean squares and the levels of

significance were determined using the adjusted degrees of freedom.

The only significant effect was the task variable. As with the other

dependent measures tests performed comparing the three tasks revealed

that the rest task could be differentiated from the other two tasks

but the mirror tracing and pressor tasks could not be differentiated

from each other. The results of these tests are shown in Table 6.

TABLE 6

T values and significance levels of t tests performed on recovery time

data

 

Nirror tracing Pressor

Rest t=3.58 t=3.04

p (.001 p (.01.

Pressor t=0.52

p >.l

Except for the electrodermal frequency during the pressor task the

only significant variable for all of the dependent measures was the

task variable. For all of the dependent:measures the rest task was

different from.the mirror tracing and pressor tasks. None of the de-

pendent:measures could discriminate between the mirror tracing and the

pressor tasks. The means and standard deviations of the three tasks

using the three dependent variables is shown in Table 7. The data

indicate that the mirror tracing and pressor tasks are associated with
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TABLE7

Means and standard deviations of electrodermal measures during three

different tasks

Electrodermal Frequency, Responses/Minute

E a N.

Rest 3.50 3.13 A 24

Pressor 7.98 6.77 24

Mirror 9.06 5.85 24

tracing

Skin Conductance Level, Micromho/cm2

K i N.

Rest 12.15 7.77 2“

Pressor 13.95 8.72 24

Mirror 13.92 8.31 24

tracing

Recovery Time, Seconds

I a E

Rest 5.67 5.21 23

Pressor 1.80 1.09 16

Mirror 2.03 1.40 24

tracing
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higher electrodermal frequencies, higher skin conductances and shorter

recovery times. The rest period is associated with relatively lower

electrodermal frequencies, lower skin conductances and longer recovery

times. All of these data essentially replicate Edelberg's (1972) ex—

cept fer one critical feature. That is, in the present experiment the

recovery times of the pressor task were more similar to those of the

mirror tracing task than to those of the rest period as reported by

Edelberg.

Since Edelberg's experiment differed from.the present experiment

in a number of respects the differences could be due to a number of

factors. In any case the generality of Edelberg's most important find—

ing suffers considerably. Since the data from experiment I indicated

that responses prior to the response being measured might affect the

recovery time, it could be that Edelberg's finding is due to some

order effect. Edelberg ran all of his subjects in the same order with

the pressor task directly following the rest period. It could be that

the presence of the rest period prior to the pressor task caused the

recovery times of the pressor task to be fairly long. There are nor-

mally very few responses during the rest period. The data fromIthis

experiment do not allow a direct test of this hypothesis since those

subjects which had the rest period just prior to the pressor task also

had a short period between the two tasks in which the experimenter

opened the door to the booth, placed the bucket of water in the booth

and told each subject to wait until the blue light came on before

placing his hand in the water. In Edelberg's experiment the pressor

task immediately followed the rest period since the bucket of ice

water was sitting beside the subject during the rest period (Edelberg,

personal communication).



27

Conclusion

The data from.these two experiments seriously question the assump-

tion that the recovery limb can operate independently of other electro-

dermal measures. Obviously, a single recovery limb study such as this

one cannot explain all the results of experiments which have been used

to support the dual effector hypothesis. However, the results of the

present experiment do provide clues as to possible alternative explana-

tions which could be tested by further experiments.

The data which show the independence of the conductance level from

electrodermal frequency is of most interest because it has attracted

the most attention in recent years (Kilpatrick, 1972). It should be

remembered that even though there might be only one effector system it

is still quite possible that these two measures could appear to be

independent in certain situations. Increased sweat gland activity

(a high electrodermal frequency) presumably causes the conductance

level to rise as well. The conductance level normally falls fairly

slowly even in the absence of responses during a particular measure-

ment period. For example, Stombaugh and Adams (1971) have stimulated

the sciatic nerve of an anesthetized cat and observed the skin conduc-

tance of the cat's foOtpad. They reported that after cessation of the

stimuli, the conductance level remained at a fairly high level fer

several minutes and did not reach the previous resting level even after

an hour of Observation. This independence of electrodermal frequency

and skin conductance level becomes apparent only if one neglects the

temporal relationship between the two measures. Skin conductance

level, then, is quite likely a function of the height and distance of

the previous responses much as the recovery limb seems to be.
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Several investigators have noticed that conductance level in“

creases fer the first few trials of an habituation series but that the

level decreases in later trials. The height of the responses, however,

generally decreases from.the first trial to the last trial (Coombs,

1938; Germana, 1968; Lader, 1964; Raskin, Kotses & Bever, 1969;

Scholander, 1961). This change in conductance level has been taken as

support for the Thompson and Spencer model of habituation (Thompson &

Spencer, 1966; see also Graham, 1973). If skin conductance level were

a direct manifestation of some neural activity independent of sweat

gland activity then this evidence might provide some support for the

Groves and Thompson model. Nevertheless, one would expect the same

results on the basis of a single effector system since the first few

responses, being relatively large, would cause a general increase in

conductance level and the next few responses, being relatively smaller,

would not be of sufficient height to maintain the conductance level at

that high level. This does not imply that the Groves and Thompson

model of habituation is incorrect. It only implies that the use of

skin conductance level as a dependent measure is an inappropriate test

‘of the model.

Data which_show that the positive and negative components of skin

potential response are somewhat independent are prObably also suscepti-

ble to similar arguments. Edelberg (1970) believes that the effector

that produces the positive component of the potential response also

produces faster recovery times. Skin potential responses are somewhat

more difficult to analyze because the positive and negative components

partially cancel each other out and it is difficult to infer the rela-

tive contributions of the two components in any given response
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(Edelberg, 1964). It does appear that the positive component occurs

most often when it is closely preceded by several other responses.

Fowles and Johnson (1972), fer example, have subjects generate skin

potential responses with a positive component by having them.take

successive deep breaths until a positive component appears.

Finally, there are many problems with electrodermal measurement

which have not been solved and make it difficult to reach definite

conclusions about the independence of the various measures. For exam—

ple, it is not known how the placement of a liquid electrolyte on the

skin surface affects the skin conductance over a period of time. If

there are changes in electrodermal activity over a period of time which

are not due to sweat gland activity but rather to a measurement arti-

fact, then.the results of.many experiments are cast into doubt. Pre-

liminary experiments by this investigator suggest that over a period of

time, the presence of an electrolyte on the skin surface causes a gen-

eral increase in skin conductance level, a decrease in the positive

component of the potential response and longer skin conductance re-

sponse recovery time.

Given the difficulties in electrodermal measurement and the possi-

ble existence of two different effector systems it is not surprising

that many investigators reported that they had given up on electroder-

mal measurement because of the many difficulties which they had en-

countered (see Tursky & O'Connel, 1966). If the measurement problems

are solved and if further research provides support fer the existence

of only one effector systemu then the utility of electrodermal measure—

ment would be greatly enhanced and the data would be easier to interh

pret. The existence of only one effector systemeould imply that all
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electrodermal measures are related to each other across time. If the

relationships between the various electrodermal measures were known,

there might be some objective basis for choosing one measure over

another. As things now stand, these more general conclusions are

speculations which can only be tested by further research.
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APPENDIX A

Representative Copy of the Experiment Instructions

This is a study which is examining the relationship between human

behavior and sweat gland activity. Electrodes will be attached to your

hand and arm.and you will be given the following tasks to perform:

1. After the electrodes are connected and a few checks are made

to assure that everything is operating properly the door to the booth

will be closed and you will be given a few minutes to relax so that we

can calibrate our apparatus before the actual tasks begin.

2. You.will then be asked to pick up the reaction time switch and

listen for tones that will be played over the speaker. The first tone

that you.hear will be a LOW tone. This is a warning that any time up

to 30 seconds after this tone there will be a HIGH reaction tone. As

soon as you hear this tone press the button as quickly as possible.

There will be a short period before the next LOW warning signal. This

sequence will continue for about ten.minutes. Remember that the LOW

tone is a warning signal only. Do not push the button for this signal.

You are to press the button as quickly as possible when you hear the

HIGH tone. The HIGH tone will always fellow the LOW tone so that you

will always know in advance whether you are to react to the next tone

or not.

3. After the last reaction time trial you will be given the mirror

tracing apparatus. Place the pencil at the start but do not begin

tracing until the blue light at the bottom of the screen comes on.

Continue tracing until you are told to stop which will be about two

minutes after the light goes on.
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4. A container of ice water will then be placed in the booth.

When the blue light on the panel goes on you are to immerse your hand

in the water up to your wrist. The light will be on for about a min—

ute. Take your hand out of the water when the light goes off.

5. The bucket of water will then be taken out of the room.and you

will be given a couple minutes to relax. Please keep your eyes open

during this period. The experimenter will then come to remove the

electrodes and you will be shown the results if you wish to see them.

There is an intercom.from.the booth to the next room but we CED?

not answer any questions while the experiment is in progress. If you

have any questions please ask them now or wait until the experiment

isfhfifled.

Some people find the cold and hot water to be quite stressful

which is, of course, the intent of the task so that we can.measure

your sweat gland activity during stress. If, however, you feel that

you are not able to keep your hand in the water any longer by all

means take your hand out of the water and inform the experimenter.

Also it is important that you move as little as possible during the

tasks because movements can affect the recording process.

Thank you for your cooperation.
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APPENDIX B

TABLE A1

Experiment I Timing Chart
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APPENDIX 0
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APPENDIX D

‘

Experiment I Analyses of Variance

TABLE A3

Analysis of variance for electrodermal frequency

m 9.11 is. E P.

Between 71

Sex (S) 1 38.3 1

Pressor (P) 1 247.5 4.13 .1

S X P 1 4.8 1

SS within groups 20 57.8

Within 48

Task (T) 2 209.8 14.6 .0005

T x S 2 8.5 l

T x P 2 3.8 l

T x S x P 2 4.4 l I

T x Ss within groups 40 14.4



36

TABLE A4

Analysis of variance for skin conductance level

§9_u_r_cs a: a .F. '2.

Between 71

Sex (S) 1 39.8 . 1.34

Pressor (P) 1 76.2 2.62

S x P 1 0.2 1

83 within groups 20 29.0

Within 48

Task CT) 2 3.82 8.69 .001

T x S 2 0.61 l

T x P 2 0.12 1

T x S x P 2 0.36 1

T x Ss within groups 40 0.44
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TABLE A5

Analysis of variance fer recovery time

are:

Between

Sex (S)

Pressor (P)

S x P

Ss within groups

Within

Task (T)

T x S

T x P

T x S x P

T x Ss within groups

g:

20

1

1

1

17

39

31

’ 4.3.

12.8

6.8

0.6

17.2

94.3

22.1

1.7

2.9

13.0
P
U

7.26

1.7

.005
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