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INTRODUCTION

It has been shown by Yerkes and Dodson (1908) and others 

(Bsrlyne, 1960} Bindra, 1959} Bolles, 196?; Montague, 1953) that 

optimal arousal levels for simple tasks are higher than those for 

complex tasks. Arousal optima are task-specific (Fiske & Maddi, 1961), 

such that running, for example, has a higher optimal arousal level than 
solving a mathematical problem.

Arousal may be viewed as a function of relevant and irrelevant 

sensory input with respect to the requirements of the assigned task 

(Pitts & Posner, 196?), that is, information required or not for the 

successful performance on the given task. To maintain the optimum 

level of arousal for a task, therefore, the amount of task-irrelevant 

information should decrease as the task-relevant information increases, 

"This idea is in accord with the common experience that repetitive
i ' ... . . . . .

(simple) tasks can often be performed best while one is listening to 

the radio or to an outside conversation, but that serious (complex) 

work involving much concentration is hampered by outside stimulation" 

(Fitts & Posner, 196?, pp. 36-37).

Task complexity may be defined in terms of the amount of 

uncertainty such that, for example, a task requiring the subject to 

make a choice of one of four equiprobable responses is more complex 

than a task with two equiprobable responses to choose from. As the 

amount of uncertainty increases, the optimal level of arousal 

decreases. Referring to Plgure 1 in which the relationship between

1
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level of arousal and task complexity is hypothetically illustrated, 

the arousal optima are at levels D and H for the complex and moderately 

complex tasks respectively.

In the present study, it was expected that the subject*s initial 

level of arousal would be higher than the optimum for the moderately 

complex task, This is because of the “anticipatory arousal" (Berlyne, 

i960) resulting from a normal subject's “arousal tonus” and his initial 
uncertainty as to what to expect upon entering the experimental 

situation. Reduction of this initially high level of arousal, there­

fore, would improve performance on both the complex and moderately 

complex tasks by approaching the optima of D and H respectively for 

these tasks. If the arousal level was reduced past the optimum of H 

for the task of moderate complexity, however, performance would be 

impaired on this task, but complex task performance would improve 

further as the level of arousal approaches the optimum for the complex 

task while departing from that of the moderately complex task. How­

ever, if the subjects initially had a low arousal level, its reduction 

would result in impaired performance on both tasks. If relaxation 

induction is a valid method of arousal reduction, it should result in 

•the above described changes in performance on complex and moderately 

complex tasks, depending upon the subject's initial arousal level.

The effectiveness of relaxation induction in reducing the level 

of arousal may also be measured by such physiological measures as skin 

conductance, EEG, heart rate, etc, (Grossman, 1967? Babb, 1966; Leukel, 

1968; Stembach, 1966), Physiological measures of arousal are possible 

because the adrenal gland secretes a hormone* adrenalin, into the blood
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stream which acts directly on smooth muscles and on the glands of 

external secretion such as the sweat glands. Adrenalin also excites 

the arousal system directly. Since the arousal system excites the 

sympathetic nervous system, which excites the adrenals, this makes a 

closed system. However, the arousal system and cortex also form a 

closed circuit, each exciting the other,~ The arousal system is there­

fore the focal point where the two feedback systems unite. Since the 

sweat glands are part of this loop, skin conductance is one of the 

valid, though approximate, measures of arousal.

The effects of relaxation on task performance could thus be 

interpreted in terms of its effect on arousal level, which can be 

measured physiologically by skin conductance. Since the task-specific 

arousal optima (Fiske & Maddi, 1961) are generally unknown, predictions 

about the effects of relaxation on task performance can be made only in 

general terms. If physiological measures of arousal levels during the 

experiments are available, however, the effects of relaxation on task 

performance may be checked against them.

In summary, the present study tested the following hypotheses!

1) Relaxation induction is a valid method of reducing level of arousal 

as indicated by decreased skin conductance,

2) The optimum level of arousal for a complex task being lower than 

that for a task of moderate complexity, relaxation should produce 

differential changes in the performance on these tasks depending 

on the subject's initial arousal level,

a) Relaxation induction will improve performance on complex and 

impair that on moderately complex tasks, if the initial level
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of arousal is relatively high®

b) Relaxation induction will impair performance on both typos of 

tasks if th© initial arousal level is low®

The first hypothesis was tested by measuring skin conductance 

immediately before and after relaxation induction. Since level of 

arousal is reflected by skin conductance, a decrease* in skin conduct­

ance would indicate that arousal level was reduced by relaxation 

induction. The second hypothesis was tested by comparing task perform­

ance (number of correct responses) and levels of arousal (as indicated 

by skin conductance measures) during performance with and without 

relaxation induction.
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METHOD

Subjects.

The sample consisted of 20 naive male students randomly chosen 

from th© University of Windsor undergraduate population. Their median 

age was 20 with a range of from 18 to 25 years.

Apparatus,

A 5®0/4k Bach-Simpson ammeter (model 13^7SC) was used to measure 
skin conductance in amperes accurate to within 5$ as determined by 

Cervin and Grewe (1967), Silver-chloride electrodes were used with a 

salt-base paste,

A well padded vinyl armchair with two foam cushions for the 
subject's neck and lower back were used to seat the subjects.

Relaxation Induction Procedure,

Relaxation induction was operationally defined as the state 

achieved by the verbatim induction procedure of Appendix I based on 

Jacobson's (1938) method.

Performance Tasks,

Two ten-item performance tasks, one complex and one of moderate 

complexity as described in Appendix II, were recorded on audio tape to 
standardize their presentation to the subjects. The moderately complex 

task preceded the complex task in the presentation order. Both tasks 

were recorded at the rat© of one digit par second with a ten-second 

interval between items during which the subject was to respond. Task 

complexity was determined by a pilot study in which seven subjects were
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administered the two tasks by means of a tap© recorder. The average 

percentage of correct responses was found to be 30$ for the complex 

task and 70$ for the task of moderate complexity.

Design,
The design was a 2 X 2 counterbalanced design. Two groups of 

subjects were tested on the two performance tasks under two conditions! 

with and without relaxation induction. Group I was tested with relax­

ation first, followed by testing without the relaxation induction.

Group II was tested under the same two conditions, but in a reversed 

order i without the relaxation induction, followed by testing with 

relaxation. The dependent variable was the difference in the number of 

correct responses on each task under the two relaxation conditions! 

relaxed minus nonrelaxed.

Procedure,

The subjects were randomly assigned to one of two groups of ten 

subjects eachi Group I was administered performance tasks with, then 

without relaxation. Group II was administered the same performance 

tasks, first without, then with relaxation induction.

Subjects were seated in the armchair with their feet flat on the 

floor and their arms resting on the aims of the chair. The index and 

middle fingers of their left hand were then cleaned with rubbing 

alcohol and the silver-chloride electrodes were applied with electro­

paste and held in place with surgical tape,

A five-minute period followed in which the subject sat quietly 

in the armchair and the initial skin conductance was measured and 

recorded at one-minute intervals.
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Group I was then administered the relaxation induction procedure 

with periodic measures of the skin conductance being taken at pre­

determined intervals according to the record sheet of Appendix III,

The reading of the relaxation induction procedure was adjusted to the 

rate at which the subject relaxed himself. Following the verbatim 

induction of Appendix I, the subjects in Group I were administered the 

performance tasks by means of a tape recorder, A second tape recorder 

was used to record the subjects* responses, A three-minute period then 

followed in which (normal) muscle tonus was restored by means of the 

tonus induction procedure of Appendix I, The performance tasks were 

administered a second time in the same order of complexity (moderately 

complex followed by complex task), but without relaxation.

Group II received the two performance tasks under the same 

conditions, but in the opposite order of relaxation induction.
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RESULTS

The raw data for skin conductance measures and performance for 

all subjects is presented in Appendix IV,

Skin Conductance Measures

The mean measures of skin conductance recorded immediately 

before and after relaxation induction for the two orders of relaxation 

induction are presented in Table 1. It can readily be seen that the 

mean skin conductance decreased with relaxation induction for both 

orders of relaxation. The mean skin conductance before and after 

relaxation was higher for the relaxed-nonrelaxed order than the 

nonrelaxed-relaxed order, Bata from preliminary studies indicated that 

there was an upward drift in the measures of skin conductance of five 

microamperes from the basal level. The effect of a drift of five 

microamperes on the measures of skin conductance was not considered 

significant,

A t-test for correlated measures (Winer, 1962) of skin conduct­

ance before and after relaxation induction indicated that the decrease 

in skin conductance was significant at the ,005 level of confidence as 

shown by the t-test summary in Table 2, This decrease in skin conduct­

ance was predicted, supporting the first hypothesis that relaxation 
induction is a valid method of reducing level of arousal.
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TABLE 1

Mean Skin Conductance 

Immediately Before and After Relaxation Induction 

With Relaxed-Konrelaxed and Nonrelaxed-Relaxed Orders

Skin Conductance in Microamperes

Order of Relaxation Before Relaxation After Relaxation

Relaxed-Nonrelaxed 192 163
Nonrelaxed-Relaxed 174 146

Mean for Both Orders 183 154.6
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TABLE 2

Suiaraary of t-test for Correlated 

Skin Conductance Measures 

Before and After Relaxation Induction

N df ôbs

20 19 3.89**

**p <.005
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The mean basal skin conductance measures for the relaxed* 

nonrel&xed and nonrelaxed-relaxed orders are presented in Table 3.

The mean basal skin conductance level for the relaxed-nonrelaxed 

order is higher than that for the nonrolaxed-relaxed order.

The t-test of the mean basal skin conductance levels for the 

two orders of relaxation is summarized in Table &. The t obtained 

was 0.29* With 18 degrees of freedom, the t obtained would have to be 

21.73 to be significant at the ,05 level of confidence. Thus the 

obtained t was not significant, indicating that “anticipatory arousal” 

levels of the relaxed-nonrelaxed and nonrelaxed-relaxed groups did not 

differ significantly. Since the levels of "anticipatory arousal" were 

not significantly different, therefore, task performance differences 

between the two groups may not be attributed to differences in basal 
arousal levels.
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TABLE 3

Mean Basal Skin Conductance Levels 

for Relax©d-Nonrelaxed and Honrel&xed-Relaxed Orders

Order of Relaxation Basal Skin Conductance Levels

Rel&xed-Nonrel&xed 188.9

Nonrelaxed-Relaxed. 181.0

Mean Difference Between Orders 7*9

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



14

TABLE 4

Sumary of t-test 

of Basal Skin Conductance Levels 

for Relaxed-Nonrelaxed and Nonrelaxed-Relaxed Orders

N df ^obs

20 18 0.29
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The mean measures of skin conductance in microamperes recorded 

during complex and moderately complex task performance with and without 

relaxation induction are presented in Table 5« The mean differences in 

skin conductance with and without relaxation were -21,5 and -26,0 

microamperes for the moderately complex and complex tasks respectively 

with the lower skin conductance being in the condition with relaxation 

induction on both tasks,
i . :

The t-tests for correlated measures (Winer, 1962) of skin 

conductance during the complex and moderately complex perfomance tasks 

with and without relaxation induction are summarized in Table 6, The 

difference in arousal levels during perfomance on the moderately 

complex task with relaxation induction, as compared to without relax­

ation, was significant at the .005 level of confidence in the predicted 

direction, that is, skin conductance was lower with relaxation induct­

ion, The difference in arousal levels during performance on the complex 

task with and without relaxation induction was significant at the ,005 

level of confidence in the predicted direction, that is, skin conduct­

ance was lower with relaxation. Skin conductance during moderately 

complex task performance was lower than that during complex task 

performance!, both with and without relaxation induction. The decrease 

in skin conductance during perfomance on both tasks with relaxation 

induction indicates that the reduction in arousal level produced by 
relaxation was maintained during perfomance on the complex and 

moderately complex tasks.
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TABLE 5

Mean Skin Conductance 

During Complex and Moderately Complex Task Performance 

With and Without Relaxation Induction

:*
Level of Task Complexity

Relaxation Induction Moderately Complex Complex

Without (NR) 181.0 18?. 0
With (R) 159.5 161.0
Mean Difference Q^(R - NR) 3 -21 o 5 -26.0

Note.— The mean difference Qkl(R - NR)3 was obtained by 

subtracting the mean skin conductance measure without relaxation (NR) 

from the mean measure with relaxation (R) during performance of the 

two tasks.
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TABLE 6

Summary of t-tosts for Correlated 

Skin Conductance Measures 

During Complex and Moderately Complex Task Perfomance

With and Without Relaxation Induction

Level of Task Complexity N df ^obs

Moderately Complex 20 19 9.24**

Complex 20 19 11.99**

**p <.005
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The moan measures of skin conductance recorded immediately 

before and after task performance for the relaxed-nonrelaxed and 

nonrelaxed-relaxed orders with relaxation are presented in Table 7.

It can readily be seen that the mean skin conductance was higher 

immediately after task performance0

A two-factor analysis of variance of the order of relaxation
! ' I' • •

induction with repeated measures (Minort 1962) of skin conductance 

recorded immediately before and after task performance with relaxation 

is presented in Table 8 . The main effect of the order of relaxation 

was not significant, indicating that the relaxed-nonrelaxed and 

nonrelaxed-relaxed orders did not differ significantly with respect to 

the skin conductance measures recorded immediately before and after task 

performance with relaxation. The main effect of skin conductance 

immediately before and after task performance with relaxation was 

significant, however, at the .01 level of confidence. Skin conductance 

was significantly higher immediately after task performance, therefore, 

indicating that the level of arousal increased during task performance. 

The effect of interaction between order of relaxation and skin conduct­

ance immediately before and after task performance was not significant.
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