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The assumption that EMG biofeedback cultivates an 

antistress response was tested under stress conditions 

while investigating the comparative efficacy of low versus 

high arousal treatment strategies. Biofeedback-assisted, 

cue-controlled relaxation training was used as the low 

arousal treatment strategy for half of the 20 normal 

subjects used in the study. The other half received a high 

arousal treatment strategy which used the same training in 

combination with an avoidance conditioning procedure. In 

this procedure mild electric shock was used as contingent 

aversive stimulation designed to reinforce relaxation 

responses. Both groups received four in-lab training 

sessions with a 4-day interim of home practice of cue-

controlled relaxation prior to the last in-lab training 

session. Pretraining assessment consisted of four 10-minute 

periods of alternating no-stress and stress conditions. 

Mild electric shock and loud tones were used as stressors. 

Posttraining assessment was identical to pre training except 

subjects employed self-directed, cue-controlled relaxation 

rather than self-directed relaxation based on instructions 

without training. Frontal EMG, subjective mental and 



muscle tension ratings, and behavioral observations of 

relaxation behavior served as dependent measures during 

pre- and posttraining assessment. EMG readings were used 

during in-lab training and the two subjective rating scUes 

were used during home practice. 

Results indicated no significant differences between 

the avoidance biofeedback and the standard biofeedback for 

all four dependent variables. Significant differences were 

found for the conditions and pre/posttraining factors for 

all four dependent measures. Thus, both the high and low 

arousal training were effective in significantly reducing 

muscle and mental tension in normal subjects. A low level 

of arousal was facilitated by both treatments during no-stress 

conditions but not during stress conditions. Thus, the 

antistress response assumption was not supported in this 

study. Additionally, the mild electric shock proved to be 

an effective stressor. In contrast, the loud tone did not 

effectively function as a stressor during the testing 

conditions. Several explanations were offered for this 

difference. 

It was suggested that future research test the anti-

stress response assumption under stress conditions. Also 

suggestions were made regarding treatment variations of low 

and high arousal conditions, amount of treatment, and the 

use of a clinical population. 
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BIOFEEDBACK TRAINING DURING STRESS STIMULATION 

The history of relaxation as a form of psychological 

treatment has been long and varied. Throughout this time a 

variety of techniques have been developed designed to facil-

itate relaxation. Early in this century, Jacobson ( 1929) 

introduced a form of therapy known as progressive relaxation, 

a technique based on muscular quiescence. However, during 

the 4 0 s and early 50s American interest in this topic 

declined. Then with the introduction of systematic desensi-

tize t ion by Wolpe ( 1958) in the late 5 0 s , in which progressive 

relaxation was a major treatment component, interest in 

relaxation techniques was renewed. Relaxation has since 

become an important component of many forms of treatment as 

well as being a useful one in and of itself. Other techniques 

which have been developed in order to facilitate relaxation 

include hypnosis (Barber fie Hahn, 1963; Paul, 1 9 6 9 ) , autogenic 

training (Schultz & Luthe, 1959 , 1 9 6 9 ) , transcendental 

meditation (Wallace & Benson, 1972; Weiner, 1 9 7 6 ) , yoga 

meditation (Elson, Hauri, fie Cunis, 1 9 7 7 ) , biofeedback 

training (Budzynski, Stoyva, fie Adler, 1970; Raskin, Johnson, 

& Rondestvedt, 1973; Reinking fie Kohl, 1 9 7 5 ) , the relaxation 

response (Benson, 1975; Benson, Beary, fie Carol, 1 9 7 4 ) , 

cue-controlled relaxation (Bernstein fie Borkovec, 1973; Cox, 

Freundlich, fie Meyer, 1975; Paul, 1966; Reeves fie Mealiea, 
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1975; Russell & Sipich, 1 9 7 3 ) , and metronome-conditioned 

relaxation (Brady, 1973; Brady, Luborsky, & Kron, 1 9 7 4 ) . 

A variety of clinical problems have been treated by 

these, as well as other, methods of inducing relaxation. 

Such treatments have been used to ameliorate symptoms of 

anxiety disorders (Canter, Kondo, & Knott, 1975; Jacobson, 

1938; Zeisset, 1 9 6 8 ) , to relieve tension headaches (Budzynski, 

Stoyva, Adler, & Mullaney, 1973; Cox et al., 1975; Jacobson, 

1 9 3 8 , 1970; Tasto & Hinkle, 1 9 7 3 ) , and migraine headaches 

(Schultz & Luthe, 1 9 6 9 ) . Further, successful interventions 

have been noted in phobias (Matthews & Gelder, 1969; Reeves 

& Mealiea, 1975; Russell & Matthews, 1 9 7 5 ) , asthma (Alexander, 

1 9 7 2 ) , and insomnia (Pendleton & Tasto, 1 9 7 6 ) . Also, 

encouraging results have been reported in the treatment of 

essential hypertension by means of relaxation induced by 

transcendental meditation (Benson, Rosner, Maretta, & 

Klemchuck, 1 9 7 4 ) , metronome conditioned relaxation (Brady 

et al., 1 9 7 4 ) , yogic breathing techniques (Datey, Deshmukh, 

Dalvi, & Vinekar, 1 9 6 9 ) , Buddhist meditation exercises 

(Stone £c Deleo, 1 9 7 6 ) , progressive relaxation (Byassee, 1976; 

Jacobson, 1 9 3 8 ) , progressive relaxation and hypnosis (Deabler, 

Fidel, & Dillenkoffer, 1 9 7 3 ) , and autogenic training (Schultz 

& Luthe, 1969). 

As evidenced then, a number of techniques have been 

explored in research to facilitate relaxation. Further, 

many clinical applications have been noted in a variety of 

disorders considered to be stress related. 



Recently, it has been observed that one of the afore-

mentioned techniques, EMG biofeedback, has become accepted 

as an effective therapeutic tool for the treatment of problems 

due to or accompanied by excessive muscular tension based on 

three assumptions (Nielsen & Holmes, 1980). Those noted were 

that EMG biofeedback (a) is effective for teaching deep-

muscle relaxation; (b) will generalize to muscle groups other 

than those for which biofeedback is provided and/or to other 

response systems that reflect general relaxation; and (c) 

will develop into what has been described as an antistress 

response (Nielsen & Holmes, 1980). These three asumptions 

were earlier noted to be research aims relative to EMG 

biofeedback (Stoyva, 1976). 

The present study was concerned with exploring the 

third asumption. The idea behind the antistress response 

was that when a person experienced a stressful situation, 

the person would be able to make use of the relaxation skills 

to help counteract the arousal (Nielsen & Holmes, 1980). 

However, most of the evidence that supported the idea that 

EMG biofeedback was useful was indirect (Budzynski et al., 

1970, 1973; Cox et al., 1975; Haynes, Griffin, Mooney, & 

Parise, 1975; Hutchings & Reinking, 1976; Phillips, 1977). 

For example, Budzynski and his colleagues offered EMG bio-

feedback treatment packages for tension or muscle-contraction 

headaches because their basic working hypothesis or assumption 

held that "frequently stressed individuals will show 



physiological hyperarousal in one or several bodily systems" 

(Stoyva & Budzynski, 1974, p. 265). A complementary 

hypothesis was that "frequently stressed (or over-reactive) 

individuals are likely to lose the ability to relax well; 

i.e., to shift into a low arousal condition1* (Stoyva & 

Budzynski, 1974, p. 265). Therefore, to treat and test for 

tension headache improvement was not a direct test of the 

antistress response assumption. Rather, it was indirect in 

that the clinical response, tension headache, was assumed 

to have come about in an indirect manner. In other words, 

the tension headache was assumed to be stress related rather 

than directly shown to be a response to stress. Thus, the 

need for further research wherein this assumption was 

directly assessed seemed warranted. 

The potential antistress effect of EMG biofeedback 

training has seldom been assessed while the subjects were 

actually exposed to the stressor. Gatchel, Korman, Weis, & 

Clarke (1978), performed an experiment which was one of the 

few which examined this important issue directly. The results 

of their study indicated that subjects who had received EMG 

biofeedback were more effective in reducing frontalis muscle 

tension during a period when they anticipated the onset of a 

stressor (electric shock) than were subjects who received 

false feedback training. Importantly, however, the potential 

antistress effect of EMG biofeedback was not assessed while 

the subjects were actually exposed to the stressor. 



Dial (1979) did assess subjects while they were 

actually being exposed to a stressor and thus made a direct 

assessment of the potential antistress effect of EMG biofeed-

back. This was a comparative analog outcome study which 

contrasted the efficacy of biofeedback-assisted, cue-controlled 

(covert) relaxation; biofeedback-assisted, metronome-

conditioned (overt) relaxation; and both procedures combined 

(covert-overt). Two dependent measures, one physiological 

(EMG) and one subjective (Anxiety and Tension Thermometer), 

were used for relaxation measures. They were assessed 

during pre- and posttraining under no-stress and stress 

conditions (traffic accident films). There were thirty, 

student volunteers selected after having met a criterion of 

6 mV of frontalis EMG levels during pretraining assessment 

thus assuring a sample of subjects with relatively high 

initial EMG levels. An indirect training strategy of one 

training session which lasted no longer than 40 minutes was 

used. The biofeedback-assisted, cue-controlled (covert) 

group evidenced the only significant mean EMG reduction 

even though this effect was limited to the no-stress 

condition. Likewise, the subjective measure demonstrated 

that the biofeedback-assisted, cue-controlled (covert) group 

evidenced a significant reduction in subjective anxiety in 

the no-stress condition only. Thus, the relaxation response 

learned utilizing biofeedback training under no-stress 

conditions did not effectively become an antistress response. 



It should be pointed out that in the Dial (1979) study, 

subjects were instructed to keep their eyes open during 

pre-and posttraining assessment during both no-stress and 

stress conditions. Such a procedure could have had an 

adverse effect on lowering EMG levels, although it would 

appear to be a reasonable condition for stress situations. 

Also, the length of training, one session no longer than 

40 minutes, might not have been potent enough to produce 

antistress effects during direct assessment under stress 

conditions. 

Nielsen and Holmes (1980) also exposed their subjects 

to a stressor (dental operation films) during pre-and post-

training assessment. They sought to determine whether 

biofeedback enabled subjects to control arousal in subsequent 

periods in which the subjects anticipated and were exposed 

to stress but were not provided with external feedback. 

There were 35 normal subjects who participated in their study 

which used four groups: (a) a contingent EMG biofeedback 

(biofeedback treatment), (b) an attention-placebo control 

group, (c) an instruction-only control group, and (d) a 

no-treatment control group. An indirect treatment strategy 

was used wherein four 20-minute treatment sessions were 

implemented with the subjects under low arousal or no-stress 

conditions. Identical pre- and posttreatment assessments 

were used. Results indicated that when compared to the 

subjects in the control conditions, subjects who received 



EMG biofeedback were not more effective in reducing frontalis 

EMG levels during treatment or while viewing the stressful 

film. There was no evidence that EMG biofeedback influenced 

the other dependent variables of skin conductance or self-

reports of arousal. 

However, similar to the results of the Gatchel et al. 

(1978) and Dial (1979) studies, Nielsen & Holmes (1980) 

pointed out that during a period following the training 

sessions, when the subjects who had been provided with the 

EMG biofeedback training demonstrated lower levels of 

frontalis EMG production than did the subjects who had 

participated in the various control conditions. In other 

words, the previous training appeared to provide the subjects 

with an antistress response that was effective in controlling 

EMG tension while they were awaiting a stressful experience. 

However, such specific treatment effects could have been 

confounded in that the posttreatment assessment immediately 

followed the fourth training session. No other evidence was 

demonstrated wherein the EMG biofeedback training cultivated 

an antistress response, reduced physiological arousal in 

another arousal-sensitive response system, or reduced self-

reported arousal. 

Another methodological weakness in the Nielsen & Holmes 

(1980) stu#y may have contributed to the limited results. 

Subjects employed in the study were normal or not highly 

anxious. Since the general nature of the training sessions 
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was relaxed, the lack of differences among conditions during 

the training sessions may have been due to a "floor" effect 

for relaxation with subjects who were not highly anxious• 

This type of problem was previously pointed out by Stoyva & 

Budzynski (1974) wherein low EMG subjects demonstrated only 

slight pre/post decreases (13%) whereas the high frontalis 

EMG group posted substantial decreases (46%). 

Interestingly, Nielsen & Holmes (1980) noted a parallel 

between their findings during the anticipation-stress and 

film-stress periods and the clinical reports concerning the 

effectiveness of EMG biofeedback training for controlling 

headaches. In those studies, the patients treated with EMG 

biofeedback reported that they were able to relax when they 

felt themselves becoming tense but that once the headaches 

started they were unable to abort them (Budzynski et al«t 

1970, 1973). Similarly, patients in another study reported 

that they could reduce the frequency of headaches but not 

their duration once the headache started (Haynes et al., 1975), 

Thus, it appeared that the patients could reduce or head off 

tension during the initial phases of stress, but once the 

stress was met they were ineffective in avoiding or reducing 

their reaction. 

Such similarity in reported patterns of learning may 

reflect the similarity of the various treatment strategies. 

Those strategies previously described and alluded to may be 

considered relatively indirect in that the focus was on 



reducing EMG levels of certain muscles during resting levels. 

By contrast, a more direct treatment strategy would center 

on reducing EMG levels with a focus on muscle reactivity 

during and after stressful events (Ifuechterlein & Holroyd, 

1980). This more direct treatment strategy was often 

employed indirectly by instructing patients to reduce muscle 

tension levels at home when they are under stress. In order 

to lead to stronger generalization to everyday stressful 

circumstances, a direct treatment strategy of training 

subjects while under stressful conditions in the treatment 

setting may prove effective. 

A few studies were reported wherein a direct treatment 

strategy was employed; also, direct assessments were made. 

Ewing and Hughes (1978), in a series of single-subject 

design laboratory studies with normal subjects, used electric 

shock as an aversive stimulation during training. The data 

provided by pre- and posttraining assessment during no-stress 

and stress conditions suggested that EMG biofeedback was 

more effective than progressive relaxation in establishing 

cue-controlled relaxation. Also, subjects were able to 

achieve lower and more stable EMG levels, even when presented 

with aversive stimulation (a tone conditioned with electric 

shock as well as electric shock per se) or when engaged in 

biofeedback-assisted as opposed to progressive relaxation-

assisted, cue-controlled relaxation. However, as Grimm 

(1980) pointed out in a recent review of cue-controlled 
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relaxation, methodological problems mitigated these findings. 

For example, experimental conditions were often changed 

before EMG levels were stabilized. 

In another study wherein a direct training strategy 

and a direct testing of the antistress effects of EMG bio-

feedback were employed, Catalanello (1980) failed to report 

successful results from such training. He evaluated the 

relative efficacy of utilizing an avoidance conditioning 

paradigm with standard EMG biofeedback training. Electric 

shock was used as the aversive stimulus in the avoidance 

conditioning paradigm to facilitate relaxation of the 

frontalis muscle as well as to serve as the stressor during 

training. He used two groups both of whiih received auditory 

biofeedback to reduce frontalis EMG levels; one of the two 

groups also received a mild electric shock contingent upon 

reduction of EMG levels, whereas the other group did not and 

served as a control group. Subjects were normal and did not 

have to meet a criterion of having high initial WIG levels. 

Results indicated significant EMG reduction for both groups 

as a result of training. However, no significant differences 

were found as a function of the type of training received. 

Standard biofeedback training appeared superior to biofeed-

back with a shock avoidance contingency in that significantly 

less time was needed to attain the relaxation criterion. 

The direct testing in the Catalanello (1980) study was 

the assessment of the subjects1 ability to relax or lower 



11 

EMG levels while under both stress and no-stress conditions. 

Unfortunately, this variable was apparently confounded by 

exposing subjects to a shock calibration procedure just 

prior to no-stress conditions of pretraining baseline. The 

aversiveness and novelty of the situation reportedly caused 

an increase in subject's arousal levels beyond the range in 

which they would have been during the no-stress baseline had 

such a procedure not been administered. As a result, the 

stressor used in pre- and posttraining stress conditions, 

traffic accident films, failed to effect significant increases 

in EMG levels. Thus, the assessment of the subject's ability 

to relax under stress conditions was rendered invalid. 

Another consideration in the Catalanelio ( 1980) study 

with regard to the limited success of the direct training 

strategy's use of an avoidance conditioning paradigm was the 

potency of the training design. The duration of the training 

sessions was limited to 40 minutes maximum. Also, the 

training lacked the comprehensiveness of having an added 

component of verbal relaxation, such as cue-controlled 

relaxation training. Such an added component has proven 

superior to biofeedback alone (Cox et al., 1975; Ewing, 1978; 

Reeves & Mealiea, 1 9 7 5 ) . Also, a home practice component 

would have added to the potency (Nuechterlein fie Holroyd, 

1980). 

These suggestions regarding the increase of the 

potency of the biofeedback training provide rationale for 
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the basic training mode in the present study, Biofeedback-

assisted, cue-controlled relaxation training was used in the 

present study as the basic training mode. This was consistent 

with the first basic assumption previously mentioned—that 

stated EMG biofeedback training was effective for teaching 

deep-muscle relaxation (Nielsen & Holmes, 1980). Such 

training, especially when expanded into a biofeedback 

training package, has been reported to be equal, if not 

superior, to other relaxation techniques in producing muscular 

relaxation in normal subjects (Budzynski & Stoyva, 1969; 

Coursey, 1975; Haynes, Moseley, & McGowan, 1975; Reinking & 

Kohl, 1975), anxious subjects (Cantor et al., 1975), asthmatic 

subjects (Kotses, Glaus, Crawford, Edwards, & Scherr, 1976), 

and chronic tension headache sufferers (Budzynski et al., 

1973; Cox et al., 1975; Hutchings & Reinking, 1976). 

Cue-controlled relaxation training was made a component 

of the EMG biofeedback-assisted relaxation training package 

to provide a form of verbally mediated relaxation. Such a 

component has been a common approach to assisting generaliza-

tion to everyday life (Nuechterlein & Holroyd, 1980). The 

basic assumption underlying cue-controlled relaxation was 

that "as a result of the contiguous association between a 

cue-word and relaxation, the cue-word will come to evoke a 

relaxation response"1 (Grimm, 1980, p. 289). Furthermore, 

previous research has shown that biofeedback-assisted, 

cue-controlled relaxation training has produced significantly 
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greater EMG reductions than biofeedback training alone, 

relaxation instruction, or medication placebo (Cox et al., 

1975; Ewing, 1978; Ewing & Hughes, 1978; Reeves & Mealiea, 

1975). For example, Reeves & Mealiea (1975) successfully 

treated three flight phobics using EMG biofeedback-assisted, 

cue-controlled relaxation in conjunction with systematic 

desensitization. Baseline recordings were obtained during 

phase 1 for all three subjects. Then, in phase 2, either 

EMG biofeedback-assisted, cue-controlled relaxation or 

biofeedback training alone was used. All subjects received 

biofeedback-assisted, cue-controlled relaxation training in 

phase 3. The subject who received biofeedback-assisted, 

cue-controlled relaxation during phase 2 achieved a greater 

reduction in frontalis EMG levels across five 20-minute 

training sessions thai) did the two subjects who received 

biofeedback training alone. Importantly, the latter subjects 

were able to achieve similar EMG reductions only after 

initiating cue-assisted training for an additional four 

treatment sessions during phase 3. 

In a more recent, well-controlled outcome study, Ewing 

(1978) assessed the comparative efficacy of three relaxation 

procedures in reducing and maintaining lowered frontalis EMG 

levels: (a) biofeedback-assisted, cue-controlled relaxation, 

(b) biofeedback training alone, or (c) relaxation instruction 

only. After just one training session the results indicated 

that the cue-controlled relaxation procedure was significantly 
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more effective than biofeedback or relaxation instructions 

alone on both dependent measures: (a) the degree or level of 

attainment of low frontalis EMG levies, and (b) the mainte-

nance of the relaxed state (assessed against an EMG relaxation 

criterion) for extended periods. Thus, inasmuch as frontalis 

EMG was a reliable and valid index of relaxation, the Ewing 

(1978) as well as the Reeves & Mealiea (1975) data, indicated 

that a biofeedback-assisted, cue-controlled paradigm prompted 

deeper levels of relaxation than biofeedback training alone. 

Most work in biofeedback utilized an analog signal 

which communicated to the subject his degree of success or 

failure in controlling the response of interest. The rein-

forcement value of this signal depends upon the cognitive 

process which gives it meaning (Miller & Dworkin, 1977). 

In a few studies, additional reinforcements have been used 

to supplement biofeedback signals or to serve as the only 

source of feedback to the subject. Some studies used 

positive reinforcement (Elder, Ruiz, Deabler, & Dillenkoffer, 

1973; Finley, Niman, Standley, & Wansley, 1977; and Hughes, 

Henry, & Hughes, 1980). Others, Hefferline, Keenan, & 

Hanford (1959) for example, used a Sidman-avoidance paradigm 

employing an aversive noise to condition a small thumb 

twitch which was undetectable by the subject. In this 

experiment the correct response served to delay or terminate 

the noise which was superimposed upon concomitant music to 

which the subject was listening. 
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Another experiment utilized aversive conditioning 

procedures to increase subjects1 rate of heart beat (Shearn, 

1962). A Sidman-avoidance schedule (Sidman, 1953; Verhave, 

1959) was used in which a criterion heart rate served to 

postpone shock pulses delivered to subjects* ankles. 

Unconditioned heart rate responses to the shock were 

experimentally controlled using a yoked treatment procedure 

in which control subjects received a series of shocks 

identical in number and temporal distribution to those of 

the experimental group. Out of the six subjects in the 

experimental condition, five increased their percentages of 

heart rate accelerations across sessions. All six control 

subjects showed decreases in acceleration. 

Frazier (1966) used an avoidance conditioning technique 

to obtain external control over heart rate. A contingency 

was set up between heart rate maintenance and punishment 

avoidance. During periods of time signified by a visual 

stimulus, punishments were dispensed when the total number 

of beats per minute decreased from the previous minute's 

total. Subjects performed an instrument-panel monitoring 

task without awareness of the biological avoidance contingency, 

but they were correctly informed that shocks were available 

only when the visual stimulus was present. After punishments 

had been dispensed on the basis of the contingency for 

several periods, punishment was discontinued, and the visual 

stimulus was used alone as a conditioned aversive stimulus 
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in order to shape predetermined response patterns. Results 

indicated clear evidence of heart rate control over all 

subjects after training periods. Further, heart rate control 

was maintained over continuous 40-minute periods through 

continuous presentation of the visual stimulus. Three 

prespecified response patterns were shaped and replicated. 

Thus, these findings demonstrated that punishment avoidance 

contigencies can be used to impose effective control over 

cardiovascular functioning. 

The present experiment was conducted to determine 

whether biofeedback-assisted, cue-controlled relaxation 

training with a stressful avoidance conditioning component 

would (a) enable subjects to learn to relax, and (b) 

transfer that training to control arousal levels before, 

during, and after exposure to stress, without external 

feedback. It was hypothesized that such a direct treatment 

strategy would better enable subjects to demonstrate an 

antistress response as measured via direct testing during 

pre- and posttraining assessment. For the sake of comparison, 

a control group was used which was identical to the experi-

mental group with the sole exception that the avoidance 

conditioning was not present. Thus, direct Versus indirect 

treatment strategies were used with a direct testing format 

used to test the assumption of the antistress response 

relative to EMG biofeedback. EMG frontalis muscle tension 

was used as the primary criterion for relaxation—the 
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dependent measure. Besides this psychophysiological 

dependent variable, subjective-cognitive (mental tension), 

subjective-physiological (muscle tension), and behavioral 

variables were also used. They were the Tension Thermometer, 

the Tension/Relaxation Scale, and the Relaxation Checklist, 

respectively. Subjects in both groups received EMG biofeed-

back relaxation training (plus an avoidance conditioning 

paradigm for group 1) for two separate 15-minute sessions. 

During these two periods, an individual relaxation criterion 

was established by each subject for initiation of the cue-

control component. Then, biofeedback-assisted, cue-controlled 

relaxation training was employed (plus an avoidance 

conditioning paradigm for group 1) for two 20-minute sessions. 

These last two sessions were separated by a four-day interim 

wherein home practice was carried out, Idnetical pre- and 

posttraining assessments using a direct testing format were 

employed and used the four dependent variables previously 

mentioned. 

Method 

Subjects 

The subjects were 20 individuals selected from those 

who responded to notices posted at various announcement 

boards and/or through announcements in classes at North 

Texas State University (see Appendix A). There were 4 males 

and 16 females; age range was 18 to 48 years. All subjects 

selected met an acceptance criterion of having an average of 
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at least 4 mV of measured EMG frontalis muscle activity 

during the first condition of the pretraining phase. They 

were also screened for any pertinent medical problems prior 

to acceptance into the study. They were randomly divided 

into two groups. Group 1 received blofeedback-assisted, 

cue-controlled relaxation training combined with an avoidance 

conditioning procedure whereby mild electrical shock was 

used as the aversive contingent stimulus. Group 2 received 

biofeedback-assisted, cue-controlled relaxation training 

only. 

Apparatus 

Coulbourn EMG equipment was used to measure and record 

muscle activity. The system consisted of the following 

components: model S75-01 Hi-Gain Bioamplifier/Coupler with 

a band pas® width from 90 Hz to 1000 Hz.; model S76-21 

Cumulating/Resetting Integrator; model S76-01 Contour 

Following Integrator; model S21-06 Bipolar Comparator; model 

S24-05 Voltage Controlled Oscillator; model S82-24 Audio 

Mixer Amplifier; model S96-03 Switch Module; model S22-02 

Switch Input; model S52-02 One Shot; model R21-16 Data 

Print; and model SI5-05 Solid State Power Supply. Shocks 

were provided by a Coulbourn El3-05 2-Pole Shocker through 

electrodes fastened to the subject's wrist by means of a 

velcro band. The system also utilized a Med Associate model 

DIG-210 Time Base and model DIG-118 Power Driver. Lehigh 

Valley equipment was used to time intervals for the delivery 
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light flashes and shocks. The components were the 

following: model 253-21 Universal Timer; model 1419 Timer; 

and model 1360 A.C. Power Outlet. Auditory feedback was 

delivered from the audio mixer amplifier through model HP-3 

Royal Sound Headphones. Muscle-produced electrical activity 

was detected through three silver chloride electrodes 6.5 mm 

in diameter, 

A Sidman-avoidance procedure of reinforcement was 

utilized during the training phase of the study. The experi-

menter manipulated a dial on the bipolar comparator to 

determine threshold EMG levels above or below the subject's 

EMG level at particular times. When a threshold reading was 

set which corresponded to an EMG level below that being 

produced concurrently by the subject, the model 1419 Timer 

was activated. This timer was set for 15 seconds and remained 

activated for as long as the subject maintained levels above 

the threshold setting on the bipolar comparator. After 15 

seconds of continuous operation, the model 1419 Timer 

activated the model 253-21 Universal Timer. This timer was 

set for % second and, while in operation, turned on a table 

lamp and (for group 1) simultaneously signaled activation 

for delivery of a shock from the 2-Pole Shocker. Then, the 

15-second model 1419 Timer reset and began timing another 

15-second interval. If, during a 15-second interval of the 

timer's activation, the subject's EMG level decreased to a 

point below the threshold setting on the bipolar comparator, 

the signal ceased and caused the 15-second timer to reset 
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and turn off. Thus, a subject was able to avoid the delivery 

of a light and shock by reducing his EMG level below a 

certain threshold. Also, the model 1419 Timer could be 

reset and turned off by the experimenter's resetting the 

bipolar comparator dial to a reading corresponding to an 

EMG level above that being concurrently produced by the 

subject. Thus, the experimenter was able to change the 

threshold setting when deemed appropriate. 

Materials 

A research bulletin was used to recruit the subjects 

(see Appendix A). An Informed Consent Form was signed by all 

subjects giving authorization to implement experimental 

procedures during their participation in the study (see 

Appendix B). A Tension Thermometer (similar to Dial, 1979; 

Reinking & Kohl, 1975; and Walk, 1956) was used to assess 

the subjective rating of mental tension (anxiety) levels of 

subjects (see Appendix C). A Tension/Relaxation Scale 

(similar to Rosen, 1977) was used to assess the subjective 

rating of muscle tension levels of subjects (see Appendix D). 

These ratings were given by each subject during exdosure to 

each of the four conditions of both the pretraining and 

posttraining phases. The Relaxation Checklist, a behavioral 

observation scale, (similar to Luiselli, Steinman, Marholin 

& Steinman, 1978) was used by the experimenter to rate each 

subject's relaxation behavior during each of the four 

conditions of both the pretraining and posttraining phases 
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(see Appendix £). A Self-Report Form was used during home 

practice for subjects to record data relative to self-rated 

mental and muscle tension (see Appendix F). A Posttraining 

Questionnaire was administered to each subject at the 

completion of the study for debriefing purposes (see Appendix 

G). 

Procedure 

All subjects who responded to the research notice were 

given a general orientation regarding the purpose of the 

research and their possible participation in the study along 

with an explanation of the biofeedback and shock apparatus 

(see Appendix H)• Then, the subjects were asked to sign an 

Informed Consent Form (see Appendix B). 

All subjects received pre- and posttraining assessment 

under four conditions: baseline no-stress, shock-stress, 

return to no-stress, and tone-stress. Subjects who fell 

below the criterion of averaging 4 mV or greater during the 

baseline no-stress condition of the pretraining assessment 

phase were dismissed immediately and given an explanation for 

their non-eligibility. Essentially, the explanation was that 

their frontalis muscle tension was low enough so that the 

relaxation procedures used in the study would be of little 

benefit to them. 

During the pre- and posttraining assessment phases, 

four different measures were taken at 100-second intervals 

and served as dependent variables for relaxation. EMG level 
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recordings were the principal dependent variables and were 

used as the objective, psychophysiological measures of 

muscle tension. The other three measures served as secondary 

dependent variables. The Tension Thermometer was used for 

the subjective measure of mental tension (anxiety). The 

Tension/Relaxation Scale served in a like manner for muscle 

tension. The Relaxation Checklist was used for the experi-

menter's ratings of the subject's observed behavior relative 

to tension and relaxation. 

Following pretraining assessment and, during the same 

lab session, the training phase was initiated. Subjects 

received biofeedback preparation and instructions and were 

randomly assigned to one of the two treatment groups. Then, 

they were informed of their group assignment and received 

15 minutes of biofeedback relaxation training with or without 

the avoidance conditioning procedures, dependent upon their 

group placement. EMG levels were recorded every 10 seconds 

throughout the training phase. 

The second lab session consisted of another 15 minutes 

of biofeedback training followed by 20 minutes of biofeedback-

assisted, cue-controlled relaxation training. The cue-control 

period began with standard or avoidance biofeedback until the 

subject's individual relaxation criterion or a standard time 

limit was reached. At that point, cue-control training was 

implemented. Finally, instructions were given for home 

practice of the cue-control procedures. Subjects were 
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instructed to practice at home for 4 days and record relevent 

data during that period. 

The third and final training session, which also was 

the third lab session, consisted of another 20-minute period 

of biofeedback-assisted, cue-controlled relaxation training. 

Posttraining assessment and administration of a debriefing 

questionnaire were implemented during a fourth lab session 

one or two days after session three. 

Pretraining assessment phase under baseline no-stress 

conditions. During the orientation, each consenting subject 

was seated upright in a recliner and received the pretraining 

assessment procedures. Subjects were shown the Tension 

Thermometer and the Tension/Relaxation Scale, and the rating 

systems were explained to them thoroughly utilizing hypo-

thetical examples. They were instructed to verbalize their 

two subjective ratings each time the printer sounded and 

printed their EMG levies during the entire 40-minute phase. 

Then, the self-directed relaxation instructions were given 

(see Appendix I) and subjects engaged in self-directed 

relaxation for 10 minutes. During this period, the experi-

menter completed a Relaxation Checklist rating, based on his 

observation of the subject's behavior just prior to the 

printers activation at the end of each 100-second interval. 

He then recorded the subject's verbalized subjective ratings. 

Thus EMG levels, subjective ratings, and relaxation observa-

tions were monitored and recorded every 100 seconds throughout 

the pretraining and posttraining assessment phases. 
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Subjects who fell below the acceptance criterion 

during the baseline no-stress condition of the pretraining 

assessment phase were dismissed immediately and given an 

explanation for their non-eligibility. Also, they were 

offered referral to the North Texas State University Psychology 

Clinic or Counseling and Testing Center so that they could 

receive some other form of treatment if they so desired. 

Those subjects who averaged at or above 4 mV of measured 

EMG frontalis muscle activity (the acceptance criterion) 

during this condition were retained for the study and given 

a brief explanation concerning their eligibility. 

Pretraining assessment phase under shock-stress 

conditions. Immediately following 10 minutes of the self-

directed relaxation phase under no-stress conditions, each 

subject was administered a 10-minute shock calibration 

procedure which constituted the shock-stress condition. 

This procedure served as the stressor and was administered 

in the following manner: Electrodes from the Coulbourn 

2-Pole Shocker were attached to the subject's wrist using 

a velcro band. During the 10-minute period, six %-second 

duration shocks were administered which progressively 

increased in intensity by .2 milliamps (mA) per increment. 

The first shock (.2 mA) was administered 50 seconds into the 

10-minute period, and the remaining five shocks (.4, .6, .8, 

1.0, and 1.2 mA, respectively) were administered thereafter 

at the end of each 100-second interval for the duration of 
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the 10—minute period. Each subject was asked to rate shock 

intensity and then verbalize each rating after each shock 

utilizing a Shock Intensity Scale from 0 to 100 with 0 

being no perceptible shock and 100 being maximum tolerance 

shock. The next to the highest shock intensity (1.0 mA) 

was used in training all subjects who received biofeedback 

with contingent aversive stimulation. This value corresponded 

with that used in a previous study (Catalanello, 1980). 

Just prior to the initiation of the stressor, each subject 

was given instructions concerning self-directed relaxation 

while under shock-stress conditions (see Appendix J). 

Pretralning assessment phase under return to no-stress 

conditions. Following exposure to the shock-stress conditions, 

each subject received another 10 minutes of no-stress 

conditions. This was a return to the same conditions as 

were experienced during the baseline no-stress conditions. 

Subjects were instructed to practice their self-directed 

relaxation procedures as they did during the initial 

no-stress conditions (see Appendix K). 

Pretraining assessment phase under tone-stress 

conditions. Following the return to no-stress condition, 

the second stressor condition was implemented. A different 

type stressor was used in order to test for generalization 

of effect. A loud tone (90 decibels, 1000 Hz) was used in 

the tone-stress condition, the last segment of the pretraining 

assessment phase. The sound intensity of 90 decibels was 



26 

selected to prevent a sound level that might produce ear 

damage yet could still be considered loud. The sequence of 

stressor (tone) presentation was identical to that used in 

shock-stress condition except the stressor (tone) was 

uniformly maintained at the same intensity rather than 

incremental increases. Just prior to the beginning of the 

stressor, each subject was given instructions concerning 

self-directed relaxation while under tone-stress conditions 

(see Appendix L). 

Biofeedback-assisted cue-controlled relaxation training 

with and without avoidance conditioning. After the pre-

training assessment phase during the first lab session, the 

training phase began. During this period, subjects reclined 

in the chair, and instructions were presented concerning the 

use of biofeedback in facilitating reduced muscle tension 

(see Appendix M). All subjects were told to listen through 

the headphones to a tone, the pitch of which would differ 

with variations in the level of frontalis muscle tension. 

Further, they were informed that by relaxing their muscles 

they would be able to lower the pitch of the tone. They 

were told to lower the pitch as musch as possible. 

Subjects were rand only assigned to one of the two 

groups. Subjects in the avoidance biofeedback group were 

told that relaxation would enable them to avoid a brief 

shock in addition to the brief illumination of the lamp 

which would occur when muscle tension was too high. However, 
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the subjects received a minimum number of three shocks to I 

insure that all those in the avoidance group received the 

stressor during biofeedback training. The subjects in the 

standard biofeedback group were instructed that by relaxing 

they could avoid briefly Illuminating a nearby lamp which 

would flash if muscle tension was too high. Further, all 

subjects were told that the timer light and the sound of the 

timer activating would serve as a signal to them that they 

had exceeded their threshold and had 15 seconds within 

which to reduce their muscle tension in order to avoid the 

shock and lamp or lamp only. 

During the training phase the experimenter attempted 

to shape low EMG levels utilizing the following guidelines. 

Initially, subjects were given 60 seconds of training without 

the possibility of shock or light stimuli. At the end of 

this interval, the EMG threshold adjust knob on the bipolar 

comparator was utilized to lower the threshold to a level 

necessary to activate the 15-second timer. By lowering 

their EMG below the level at which the threshold was set, the 

subjects were able to deactivate the 15-second timer thus 

avoiding the feedback light plus electrical shock (group 1) 

or the feedback light only (group 2). These contingencies 

were scheduled to be delivered at the end of any 15-second 

interval during which the subject's EMG level was above a 

specific threshold level. Subjects were informed that they 

could tell when they went over threshold by the activation 
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of the timer light and the sound of the timer. If the 

feedback light plus shock or the feedback light only were 

activated during three consecutive 15-second periods, the 

experimenter increased the threshold level the minimum 

amount necessary to deactivate the 15-second timer. If 45 

seconds elapsed during which the 15-second timer was not 

activated, the threshold was again lowered the minimum 

amount necessary to activate the timer. 

Subjects, with their eyes closed, were given EMG 

biofeedback with or without avoidance conditioning during 

two 15-minute periods. An individual relaxation criterion 

was established for initiation of cue-control training for 

each subject by using the higher of the two consecutively 

lowest EMG readings for 100-second intervals during these 

first two biofeedback training periods. The first biofeed-

back relaxation training period followed pretraining 

assessment. The second was implemented during the second 

lab session and was identical to the first biofeedback 

period. 

During the second lab session and following the second 

biofeedback period, cue-controlled relaxation procedures 

(Dial, 1979j Russell & Sipich, 1973) were introduced. A 

cue-control trial was initiated each time the relaxation 

criterion was attained. During this time of cue-control 

instruction, the feedback tone, light, and shock were turned 

off. 
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Upon initiating cue-control instructions for training, 

subjects were instructed to focus all attention on their own 

breathing, to take slow relaxed breaths, and to say to 

themselves the cue-word "relax" each time they exhaled. As 

each subject exhaled, the experimenter vocalized the cue-word 

five times during successive exhalations while the subject 

was simultaneously subvocalizing. Subjects were then 

instructed to continue the subvocalized cue-word/exhale 

pairings until the experimenter sign led an end to the 

procedure by saying "now." Subjects' exhalations were 

observed until 15 such subsequent pairings had been counted, 

at which time the signal word "now" was given. Subjects 

were instructed that on subsequent cue-control trials they 

were to subvocalize the cue-word upon exhalation without 

the experimenter's vocalization until the MnowM signal to 

stop. 

After the initial 20 cue-word/exhale pairings, subjects 

were instructed to focus on their general bodily sensations 

of relaxation for a period of 1 minute. After that, the 

feedback tone, light, and shock (group 1) and tone and light 

(group 2) were turned on again, and the subjects were again 

instructed to relax as before. After the pre-established EMG 

criterion was again reached and maintained for 100 seconds, 

subjects were instructed to begin cue-control procedures. 

If, after the 5th, 10th, and 15th minute the criterion was 

not reached, cue-control procedures were initiated anyway. 
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At the end of 20 minutes, subjects were disengaged from the 

equipment. 

The headphones and the EMG electrodes were disconnected 

(including shock apparatus for subjects in group 1), and the 

subjects were informed that the training session was over. 

The subjects were then instructed in home practice procedures 

for cue-controlled relaxation (see Appendix N). After the 

instructions were completed and any questions answered, the 

subjects were given a Self-Report Form (see Appendix F) on 

which to record the time of home practice sessions and 

subjective mental and muscle tension ratings before and 

after each home session. The subjects were then scheduled 

to come back after 4 or 5 days for one more biofeedback-

assisted, cuepcontrolled relaxation training session. 

During the third and final training session (third lab 

session), the last biofeedback-assisted, cue-controlled 

relaxation training period was implemented. Also, all data 

from home practice sessions were obtained from each subject 

during this time. Subjects were then scheduled to return 

for posttraining assessment (fourth lab session) after a 

1 or 2 day interim. 

Posttraining assessment phase under baseline no-stress 

conditions. During the fourth lab session and after 

completion of the training phase, subjects were monitored 

for 40 minutes of self-directed relaxation using the cue-

control techniques previously learned. During this phase 



31 

EMG levels were recorded but no feedback provided. All 

subjects were informed that there would be no feedback 

during posttraining. Similarly to the pretraining phase, 

the first 10 minutes of the posttraining phase consisted of 

each subject's utilizing self-directed relaxation. However, 

during posttraining subjects utilized the cue-controlled 

relaxation procedures previously learned during the training 

phase. The subjects were given instructions to try to relax 

their muscle tension as much as possible during the 10-minute 

period by using the cue-control techniques previously learned. 

Specifically, they were told to take slow, relaxed breaths 

and to subvocalize the cue-word "relax" with each exhalation. 

They were to go through a series of 20 such pairings divided 

by 1-minute intervals of focusing on how it feels to be 

relaxed for the entire period while keeping their eyes closed. 

Posttraining rating procedures were identical to those 

used during pretraining. Subjects rated their subjective 

mental and muscle tension and informed the experimenter 

during each of the four conditions. Just prior to receiving 

the rating, which occurred every 100 seconds, the experimenter 

recorded his behavioral rating of the subject. EMG levels 

were also recorded at 100-second intervals throughout post-

training assessment phase. 

Posttraining assessment phase under shock-stress 

conditions. During the second 10-minutes of posttraining 

assessment, subjects were exposed to shock-stress conditions. 
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Posttraining stress conditions were identical to those used 

during the pretraining assessment phase. Just prior to the 

stressor presentation (mild electric shock) subjects were 

given specific instructions concerning the use of cue-

controlled relaxation while under stress (see Appendix 0). 

Posttraining assessment phase under return to no-stress 

conditions. Follwoing exposure to the shock-stress conditions 

subjects received another 10-minutes of no*stress conditions. 

This was a return to the same conditions as were experienced 

during the baseline no-stress conditions. 

Posttraining; assessment phase under tone-stress 

conditions. During the final 10-minutes of posttraining 

assessment, subjects were exposed to tone-stress conditions. 

Posttraining stress conditions were identical to those used 

during the pretraining assessment phase. Just prior to the 

presentation of the stressor (loud tone), subjects were 

given specific instructions concerning the use of cue-

controlled relaxation while under stress (see Appendix P). 

Upon completion of the experiment, subjects were 

disengaged from all attached apparatus and then debriefed. 

They were administered a Posttraining Questionnaire (see 

Appendix G) in order to ascertain some details about the 

cognitive strategies they used to aid their relaxation 

efforts. Subjects were informed that they may be asked to 

come back later for further training if it appeared that 

such may be beneficial to them. Any questions regarding any 

aspect of the study were then answered. 
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Results 

Frontal EMG During Assessment 

EMG mV readings are recorded for each subject every 

100 seconds across each of the four 10-minute assessment 

periods for both pre- and posttraining assessment phases. 

These readings provide the basic data for the psychophysio-

logical dependent measure of muscle tension or relaxation. 

Means are computed for each subject for each of the 

four conditions of both pre- and posttraining assessment 

phases (see Appendix Q). EMG recordings for all subjects 

during each pretraining condition are correllated with those 

for the corresponding posttraining condition (see Appendix R). 

The values of the correlation coefficients are such that 

analyses of variance are indicated. The EMG means are then 

used to calculate a 2 X 4 X 2 (treatments X conditions X 

pre/post) analysis of variance with repeated measures on the 

latter two factors (see Table 1). Significant main effects 

are found for the conditions factor (F 13,54] = 31.69, j><.001) 

and the pre/post factor (F {1,18] = 4.54, j> < .05). No 

significant main effect for treatments (groups) is found. 

The two-way interactions are not significant. The three-way 

interaction among these variables is also not significant. 

Utilizing the means, a post hoc Newman-Keuls multiple 

comparisons procedure further reveals that the shock-stress 

condition differs from each of the three other conditions. 

Shock-stress differs from tone-stress (cjr t4,53j = 8.82, 



34 

from return to no-stress (qr [3,53^ » 7.95, £<.01), 

and from baseline no-stress (qr £2,53} * 6.45, £<.01). 

Table 1 

Summary of 2 X 4 X 2 Repeated Measures 
Analysis of Variance for Treatments 
by Conditions by Pre/Posttraining 

for EMG (mV) Assessment Means 

Source df SS MS I 

Between Subjects 
Treatments 1 2.68 2.68 0.26 

Within Subjects 
Conditions 3 368.47 122.82 31.69* 
Pre/Posttra ining 1 49.48 49.48 4.54** 
Treatments X Conditions 3 7.42 2.47 0.64 
Treatments X Pre/Post 1 7.61 7.61 0.70 
Conditions X Pre/Post 3 7.31 2.44 0.84 
Three-way Interaction 3 17.60 5.87 2.02 

Note. Subjects total N = 20. 

* £ < .001. 
** £ < .05. 

Frontal EMG During Training 

EMG mV levels are recorded every 10 seconds during each 

of the four in-lab training sessions. Means are computed for 

each subject for each of the four sessions. Sessions one 

and two each consist of 15 minutes of EMG biofeedback 

training. Sessions three and four each include 20 minutes 

of biofeedback-assisted, cue-controlled relaxation training. 

A 2 X 4 (treatments by sessions) analysis of variance 

•with repeated measures on the latter factor is computed on 
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these mean EMG levels (see Table 2), A significant main 

effect for treatments (groups) is found (F [ 1 . 1 9 ] = 6.90, 

£ { .05), No significant main effects for sessions or treat-

ment by sessions interaction are found, 

liable 2 

Summary of 2 X 4 Repeated Measures Analysis 
of Variance for Treatments by Sessions 

for EMG (mV) Training Means 

Source df 

Between Subjects 
Treatments (A) 

Within Subjects 
Sessions (B) 
Interaction (AB) 

3 
3 

SS MS 

45.97 45.97 6.90* 

20.88 
3.32 

6.96 
1.11 

2.56 
0.41 

Note. Subjects total N = 20. 

* £ < .05. 

Subjective Mental Tension During Assessment 

The subjective mental tension rating scale, the Tension 

Thermometer, serves as one of the two subjective dependent 

variables. Like the other measures, mental tension scores 

are recorded every 100 seconds during each of the four 

10-minute conditions of both pre- and posttraining assess-

ment phases. 

Mean scores for the mental tension ratings (see 

Appendix S) are used to calculate a 2 X 4 X 2 (treatments by 

conditions by pre/post) analysis of variance with repeated 
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measures on the latter two factors (see Table 3). Significant 

main effects are found for the conditions factor (F [3,54} 

« 14.93, £ <,001) and for the pre/post factor (F [l,18] = 

8.65, £<.01). No significant main effect for treatments 

(groups) is found. The two-way interactions are not 

significant. The three-way interaction among these variables 

is also not significant. Using the means, a post hoc Newman-

Keuls multiple comparisons procedure further revelas that 

the shock-stress condition differs significantly from each 

of the three other conditions. Shock-stress differs from 

return to no-stress (qr [4,53] « 5.80, £ {.01), from 

tone-stress (qr [3,53] = 5.50, £^.01), and from baseline 

no-stress (oyr [2,53] = 4.30, £ < .01). 

Table 3 

Summary of 2 X 4 X 2 Rapeated Measures Analysis 
of Variance for Treatments by Conditions by 

Pre/Posttraining for (Mental) Tension 
Thermometer Assessment Means 

Source df SS MS F 

Between Subjects 
Treatments 1 0.01 0.01 0.001 

Within Subjects 
0.001 

Conditions 3 34.63 11.54 14.93* 
Pre/Po s11ra in ing 1 49.20 49.20 8.65** 
Treatments X Conditions 3 3.61 1.20 1.56 
Treatments X Pre/Post 1 13.03 13.03 2.29 
Conditions X Pre/Post 3 2.57 0.86 1.29 
Three-way Interaction 3 1.54 0.51 0.77 

2iS£S* Subjects total N = 20. 

* £ < .001. 
** £ < .01. 
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Subjective Mental Tension During Training 

During training, subjects practice cue-controlled 

relaxation training at home for 4 days. They practice at 

least three times a day for a duration of at least 10 minutes 

per practice session. Befora arid aftrar aach sassion* 

subjects rate themselves on the two subjective rating scales. 

Mean scores for the mental tension rating scale are computed 

for before practice scores and after practice scores across 

days. A 2 X 2 (treatments by before/after) analysis of 

variance with repeated measures on the latter factor is 

computed on these mean scores (see Table 4). A significant 

main effect for the before/after factor is found (F £l,20) 

= 69.04, (.01). No significant main effect is found for 

treatments or treatments by before/after interaction. 

Table 4 

Summary of 2 X 2 Repeated Measures Analysis of 
Variance for Treatments by Before/After for 
Subjective Mental Tension Training Means 

Source df SS MS F 

Between Subjects 
Treatments (A) 1 1.67 1.67 0.33 

Within Subjects 
Before/After (B) 1 23.23 23.23 69.04* 
Interaction (AB) 1 0.04 0.04 0.13 

Note. Subjects total N = 20. 

* £ < .01. 
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Subjective Muscle Tension During Assessment 

The subjective muscle tension rating scale, the Tension/ 

Relaxation Scale, serves as one of the two subjective 

dependent variables. Like the other measures, muscle tension 

scores are recorded every 100 seconds during each of the 

four 10-minute conditions of both pre- and posttralning 

assessment phases. 

Mean scores for the muscle tension ratings (see Appendix 

T) are used to calculate a 2 X 4 X 2 (treatments by conditions 

by pre/post) analysis of variance with repeated measures on 

the latter two factors (see Table 5), Significant main effects 

are found for the conditions factor (F [3,543 = 9.51, <.001) 

and for the pre/post factor (F [l ,18] = 14.24, £ < .001). No 

significant main effect for treatments (groups) is found. 

The two-way interactions are not significant. The three-way 

interaction among the variables is also not significant. 

Using the means, a post hoc Newman-Keuls multiple comparisons 

procedure further reveals that the shock-stress condition 

differs significantly from the three other conditions. 

Shock-stress differs from return to no-stress (qr £4,53] = 

4.64, £<.01), tone-stress (^r [3,53] = 4.32, £<.01), and 

baseline no-stress (c|r [2,53] = 4.09, jg<.01). 

Table 5 

Summary of 2 X 4 X 2 Repeated Measures Analysis 
of Variance for Treatment by Conditions by 
Pre/Posttraining for (Muscle) Tension/ 

Relaxation Assessment Means 
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Source df SS MS F 

Between Subjects 
Treatments 1 13.34 13.34 1.21 

Within Subjects 
Conditions 3 27.83 9.28 9.51* 
Pre/Posttraining 1 64.85 64.85 14.24* 
Treatments X Conditions 3 2.65 0.88 0.90 
Treatments X Pre/Post 1 6.33 6.33 1.39 
Conditions X Pre/Post 3 3.61 1.20 1.60 
Three-way Interaction 3 1.23 0.41 0.55 

Note. Subjects total N = 20. 

* 2 < .001. 

Subjective Muscle Tension During Training 

During training, subjects practice cue-controlled 

relaxation training at home for 4 days. They practice at 

least three times a day for a duration of at least 10 minutes 

per practice session. Before and after each session, 

subjects rate themselves on the two subjective rating scales. 

Mean scores for the muscle tension rating scale are computed 

for before practice scores and after practice scores across 

days. 

A 2 X 2 (treatments by before/after) analysis of 

variance with repeated measures on the latter factor is 

computed on the mean scores (see Table 6). A significant 

main effect is found for the before/after factor (F [l,20^ 

= 112.90, £ <.001). No sigificant main effects are found 

for treatments or treatments by before/after interaction. 
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Table 6 

Summary of 2 X 2 Repeated Measures Analysis 
of Variance for Treatments by Before/After 
for Subjective Muscle Tension Training Means 

Source df SS MS 

Between Subjects 
Treatments (A) 1 0.86 0.86 0.18 

Within Subjects 
Before/After (B) 1 28.01 28.01 112.90* 
Interaction (AB) 1 0.41 0.41 1.67 

Note. Subjects total N = 20. 

* 2 < .001. 

Observed Tension Behavior 

The observed tension and/or relaxation behavior scale, 

the Relaxation Checklist, serves as the behavioral observation 

dependent variable. Like the other measures, observed tension 

scores are recorded every 100 seconds during each of the 

four 10-minute conditions of both pre- and posttraining 

assessment phases. Each subjects average score over the ten 

checklist items is utilized as an index of observed tension 

level. From these scores a mean of these means is then 

obta ined. 

Mean of the means scores for the observed tension 

ratings (see Appendix U) are used to calculate a 2 X 4 X 2 

(treatments by conditions by pre/post) analysis of variance 

with repeated measures on the latter two facotrs (see Table 

7). Significant main effects are found for the conditions 
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factor (F [3,54] = 3.57, £ £ .05) and the pre/post factor 

(F [l ,18] * 45.76, £ <.001). No significant main effect for 

treatments (groups) is found. The two-way interactions are 

not significant. The three-way interaction among these 

variables is also not significant. Using the means, a post 

hoc Newman-Keuls multiple comparisons procedure further 

revelas that the baseline no-stress condition differs 

significantly from return to no-stress (qr £4,53] = 6.5, 

£<.01) and from tone-stress (qr [3,53] = 4.0, £<.05). 

Likewise, the shock-stress conditions differs from return to 

no-stress (cjr [4,53] • 6.5, £ <.01) and from tone-stress 

(qr [3,53] » 4.0, £ <.05). 

Table 7 

Summary of 2 X 4 X 2 Repeated Measures Analysis 
of Variance for Treatments by Conditions by 

Pre/Posttraining for (Observed Tension 
Behavior) Relaxation Checklist 

Assessment Means of Means 

Source df SS MS £ 

Between Subjects 
Treatments 1 0.08 0.08 0.67 

Within Subjects 
Conditions 3 0.12 0.04 3.57* 
Pre/Posttraining 1 1.80 1.80 45.76** 
Treatments X Conditions 3 0.03 0.01 0.98 
Treatments X Pre/Post 1 0.01 0.01 0.18 
Conditions X Pre/Post 3 0.17 0.06 2.67 
Three-way Interaction 3 0.05 0.02 0.83 

Note. Subjects total N = 20. 

* £ <.05. 
** £ < .001. 
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Discussion 

The present experiment is designed to evaluate whether 

biofeedback-assisted, cue-controlled relaxation training 

with a stressful avoidance conditioning component will (a) 

enable subjects to learn to relax, and (b) transfer that 

training to control arousal levels before, during, and after 

exposure to stress—in effect, establish an antistress 

response. A standard biofeedback treatment strategy is used 

as a control group. Their training is identical to the 

experimental group with the sole exception that no avoidance 

conditioning component is employed. Thus the antistress 

response assumption relative to EMG biofeedback is directly 

tested under both stress and no-stress conditions. 

No significant differences are found between the two 

treatment groups for the psychophysiological, subjective, 

and behavioral observation dependent variables. None of 

these variables—EMG means, subjective mental and muscle 

tension ratings, and behavioral observations of tension 

behavior—yield significant differences between treatments. 

However, significant differences are found on the conditions 

and pre/post factors. Thus, both the avoidance biofeedback 

and the standard biofeedback account for significant 

reductions in mental and muscle tension. In other words, 

the addition of a stress component during training does not 

improve the subjects* ability to relax significantly more 

than does the biofeedback training under low arousal 
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conditions. However, it does not interfere with learning to 

relax. Furthermore, neither treatment is effective in 

facilitating generalization to stress conditions for the 

sample of the normal population utilized. Additional 

research is necessary to determine whether an effect would 

be found in a clinical population with initially high levels 

of muscle tension. 

The type of subjects used is an important factor which 

should be further explored in future research. A clinical 

population with initially high 1evils of muscle tension may 

demonstrate a longer latency to recovery after stressful 

stimulation than do the normal subjects in this study. The 

effect of standard and/or avoidance biofeedback may prove 

beneficial during the poststress period where recovery after 

being stressed is an important consideration in treatment of 

clinical patients. 

Clinical subjects may also demonstrate more difficulty 

with cognitive control. Even some of the normal subjects in 

the present study express difficulty at various times as 

revealed in the cognitive debriefing questionnaire. Even 

though a cognitive strategy is given to the subjects (via 

cue-control during training) to help them verbally mediate 

reduced tension, many of them supplement this with various 

pleasant cognitions and imagery. A few, however, report 

negative cognitions are sometimes a hindrance to their 

relaxation efforts. A more sophisticated assessment of this 

variable may prove worthwhile in future research. 
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The only significant difference between the two 

treatment groups in the present study is found during in-lab 

training for the psychophysiological dependent variable. 

The standard biofeedback group demonstrate lower EMG readings 

than do the avoidance biofeedback group. Thus, standard 

low arousal training produces a faster rate of learning as 

well as a lower level of muscle tension during training. 

Similar results are found in the Catalaneilo (1980) study 

where only two 20-minute training sessions are utilized but 

the standard training procedure produces more rapid relaxation. 

During home practice of relaxation a significant 

difference is not found between the two treatment groups on 

the two subjective mental and muscle tension ratings. 

However, there is a significant difference between before and 

after practice. At home the subjects are not exposed to the 

stress conditions during training as they are while in the 

lab. This is further suggestive of low arousal training 

facilitating a more rapid rate of learning to relax during 

training when compared to training with an added stress 

component. The findings during home practice of relaxation 

parallel those found during pre- and posttraining assessment 

phases. In other words, no significant difference is found 

between the two treatment groups but a significant difference 

is found for the before and after practice factor as is the 

case for the pre- and posttraining assessment factor. Thus, 

all the training proves significantly effective in facil-

itating relaxation but only during in-lab training does the 
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type of treatment make a difference. Additional research 

is necessary to determine whether a combination of low 

arousal (standard biofeedback) and high arousal (biofeedback 

with an avoidance conditioning component) treatment package 

may prove useful. Training subjects under low stress 

conditions then switching to high stress conditions may 

prove to be more effective than the utilization of either 

alone. Such an approach might employ sessions of standard 

biofeedback until a criterion is reached, followed by bio-

feedback with a stressful avoidance conditioning component, 

again to a criterion. Then, one could compare this procedure 

with an equal number of sessions employing each of these two 

methods alone throughout training. 

An important aspect of the avoidance conditioning 

biofeedback procedure is that it allows for relaxation 

training under a relatively stressful condition. Individual 

successes are noted in subjects who are treated with a high 

arousal treatment package in the present study as well as in 

the two previously cited studies (Catalanello, 1980 and 

Swing and Hughes, 1978) which provide similar high arousal 

training. 

Catalanello (1980) compares high arousal training with 

low arousal training and finds a lack of significant 

difference between the two types of treatment as is found in 

the present study. This result is found even though the 

present study is more potent and comprehensive in that there 
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is more treatment provided with an added verbal mediation 

component (cue-controlled relaxation) and home practice. 

Ewing and Hughes (1978) report significant EMG reductions 

during shock stress stimulation for biofeedback-assisted, 

cue-controlled relaxation. The subjects in this study 

receive brief electrical shock during relaxation, yet learn 

to maintain reduced frontal EMG levels during the aversive 

stimulation. The authors suggest that such a demonstration 

supports the efficacy of these training methods for treating 

anxiety and stress reactions. However, their study is a 

case study design and utilizes 12 training sessions compared 

with two in the Catalanello (1980) study and with four in 

the present study. Possibly the greater number of training 

sessions these authors use in their study accounts for their 

success. Additional research providing at least 12 training 

sessions is necessary to determine the effect in a comparative 

group study. 

The shock-stress condition serves as an effective stressor 

compared to the tone-stress condition* The tone-stress does 

not bring about a significant increase in tension. There are 

a number of possible explanations for this finding. One 

possibility is the differing intensities of the two stressors. 

The tone-stress is kept at a level (90 dB, 1000 Hz) low 

enough so that there is essentially no possibility of damage 

to the subjects' ears as they receive the tone through 

headphones whereas the level of shock utilized is clearly 

within an aversive range. 
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Also, the order of presentation might account for the 

difference in effect. Since subjects are exposed to shock-

stress first they may habituate to stress to some extent 

or initiate an opponent process resulting in a reduction of 

the muscle tension resulting from exposure to the shock 

(Solomon, 1980) by the time the tone-stress is presented. 

A counter balancing of the order of presentation would 

control for this possibility. This is not done in the 

present study because the focus is on assessing the 

generalization to a different kind of stressor. 

In summary, shock-stress is an effective stressor in 

both testing and training conditions. Avoidance biofeedback 

or high arousal training is as effective as standard bio-

feedback or low arousal training in reducing muscle and 

mental tension in normal subjects. During training, standard 

biofeedback produces a more rapid rate of learning to relax 

along with lower EMG levels than does the avoidance conditioning 

biofeedback. It is suggested that a combination of low and 

high arousal training may prove more effective than either 

alone. The two treatments facilitate a low level of arousal 

during no-stress conditions in normal subjects after four 

sessions of training but do not establish an antistress 

response during the stress conditions. Furtharanor*, testing 

the antistress response assumption under stress conditions 

seems strongly warranted in future relevant research. Any 

possible benefits derived from using stress conditions 
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during training (high arousal training) remains largely an 

empirical question and it is further suggested that additional 

research be conducted in a clinical population as the type 

of subject seems to be another important factor in this 

research area. A clinical population may have more trouble 

with reactions to and recovery from stress as well as with 

their ability to control their cognitions as related to 

their relaxation efforts. Also, it is suggested that an 

increased number of training sessions with a combination 

low and high arousal treatment package be explored in future 

research. The amount of training may prove to be a critical 

factor in determining success in learning to relax and 

establishing an antistress response. 
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Append ix A 

Biofeedback Research Notice 

WANTED 

Individuals to participate in research on learning how 

to relax while under mild stress. EMG biofeedback and 

cue-controlled relaxation will be taught to all participating 

subjects. Also, some subjects will be administered mild 

electric shocks designed to facilitate relaxation and which, 

at times, may increase your level of anxiety and muscle 

tension. You will be given the opportunity to learn a 

relaxation technique designed to hilp you reduce anxiety and 

muscle tension in future stressful situations. 

Your participation will involve four separate sessions 

of approximately 75, 45, 30 and 60 minutes, respectively. 

The second and third sessions will be divided by a period of 

four or five days wherein you will be required to do home 

practice of the relaxation techniques. 

Place. Terrill Hall, room 325 

Please sign up along with your telephone number and the best 

time to reach you. You will be contacted within a week to 

arrange an appointment. 

If, for some reason, you cannot keep your appointment, 

you should call David Spurgin at (817) 788-2671 or (214) 

823-7202. Leave your name and the name of the experimenter 

in a message of the party cannot be reached. 
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Appendix B 

Informed Consent Form 

X. hereby give consent 
to David Spurgin to perform or supervise the following 
investigational procedure or treatment: biofeedback training 
utilizing electronic instruments to monitor physiological 
response (muscle tension). I understand that this treatment 
may involve the delivery of mild electric shocks designed to 
facilitate relaxation. Also, 1 will be required to receive 
periodic mild electric shocks and loud tones during two brief 
periods which may induce increased anxiety and/or muscle tension. 

I have (seen, heard) the "Orientation and Purpose of the 
Research". I have (seen, heard) a clear explanation and 
understand the nature and purpose of the procedure or treatment; 
possible appropriate alternative procedures that would be 
advantageous to me (him, her) and the attendant discomforts or 
risks involved and the possibility of complications which might 
arise. I have (seen, heard) a clear explanation and understand 
the benefits to be expected. I understand that the procedure 
or treatment to be performed is investigational and that I may 
withdraw ray consent for my (his, her) status. With my 
understanding of this, having received this information and 
satisfactory answers to the questions I have asked, I 
voluntarily consent to the procedure or treatment designated 
in the paragraph above. 

SIGNED: SIGNED: 

DATE 

Witness Subject 

or 

SIGNED: SIGNED: 
Witness Person Responsible 

Relationship 

Instructions to persons authorized to sign: 
If the subject is not competent, the person responsible shall 
be the legal appointed guardian or legally authorized 
representative. l£ the subject is a minor under 18 years of 
age, the person responsible is the mother or father or legally 
appointed guardian. If the subject is unable to write his 
name, the following is legally acceptable: John H. (his X 
Mark) Doe and two (2) witnesses. 
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Appendix C 

Tension Thermometer 

The rating scale below resembles a thermometer with 

10 different levels of anxiety or mental tension. Indicate 

the level of mental tension you are currently experiencing 

by verbalizing a number from 1 through 10. 

10— 

9 — 

8— 

7 — 

6— 

5 — 

4 — 

3 — 

2-~ 

i — 

0 

Maximum Tension 

No Tension 
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Appendix D. 

lens ion/Relaxation Scale, 

On a scale from 1 to 10 where 1 stands for totally 

relaxed and 10 stands for totally tense rate your level of 

relaxation or muscle tension. 

Totally Totally 
Relaxed Tense 
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Appendix E 

Relaxation Checklist 

I. Forehead 

Deeply furrowed 5 4 3 2 1 Smooth 
or wrinkled 

2. Eyes 

Deeply wrinkled, 5 4 3 2 1 Loosely closed, 
squeezed tightly almost fluttering 

3- Neck 

Veins or muscles 5 4 3 2 1 Smooth 
visible, extended 

4. Head 

Held straight, 5 4 3 2 1 Tilted to side or 
centered forward 

5. Arms 

Close to body or 5 4 3 2 1 On chair arms or lap 
shoulders raised or away from body, 

shoulders forward 

6. Hand s 

Closed fist, 5 4 3 2 1 Open, palms up, resting 
clenching chair, on lap or chair arms 
tapping 

7.. Legs 

Close together 5 4 3 2 1 Apart, knees out, 
swaying, wiggling no movement 

8. Feet 

Together, flat on 5 4 3 2 1 Apart, resting on heels, 
floor, tapping toes pointing out 

9. Breathing 

Rapid, uneven 5 4 3 2 1 Slow, even 

10. Movement: Gross Motor 

Constant motion 5 4 3 2 1 Relatively still 
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Self-Report Form 
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Name; 

Date Time Duration of 
Relaxation 
Practice 
(Minutes) 

r— 11 • 

Extent of 
Relaxation 

Date Time Duration of 
Relaxation 
Practice 
(Minutes) 

Before After 
Practice Practice 

Date Time Duration of 
Relaxation 
Practice 
(Minutes) 

•k iiic it ; fee 

f 
i- — — i -r„- • i a i? 

* Tension 
Thermometer 

** Tension/Relaxation Scale: 

1 0 -

9--! 

8-

7-

6 -

5 — 

4 — 

3 — 

2— 

1 —• 

n 
Maximum 
Tension 

No 
Tension 

O 
On a scale from 1 to 10 where 1 stands for totally relaxed 
and 10 stands for totally tense rate your level of relaxation 
or muscle tension. 

T r ~ T " ' T " " 7 r ~ r , " T ~ - T " - " F " - T " - - n y 

Totally 
Relaxed 

Totally 
Tense 
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Appendix G 

POST TRAINING 
QUESTIONNAIRE 

Name: Da t e i ________________ 

Sex:__ „Age: Blrthdate: Status: S M D W (Circle) 

Classificatlon: Occupation; 

You have just finished the final phase of the experiment. 
Now, please explain the cognitive strategy (ies) you used while 
trying to relax and lower your muscle tension. For example, 
some people think about a pleasant scene or image, such as a 
warm day at the beach or a calm, peaceful lake in order to 
relax and lower their muscle tension. Please explain your 
strategy (ies) in sufficient detail. 

Thank you for your participation in this study, 
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Appendix H 

Orientation and Purpose of the Research 

The present experiment is concerned with whether or not 

avoidance conditioning is helpful in teaching people to relax 

while under stressful conditions. Avoidance conditioning, in 

this experiment, will consist of learning to avoid a mild 

electric shock from a band around your wrist by relaxing or 

lowering your muscle activity as measured by the electromyo-

graph (EMG). Biofeedback-assisted cue-controlled relaxation 

training will be used as the basic training mode. Such 

training has proven to be a very useful technique in treating 

people with anxiety and stress related disorders and in 

lowering EMG levels. However, some people still have trouble 

learning to relax or lower their EMG levels. Also, some 

people have trouble transfering this training to stressful 

conditions in their life circumstances. Therefore, teaching 

some of you how to relax, while under the potentially stress-

ful conditions of possibly receiving a mild electric shock 

(avoidance conditioning), will help answer the question of its 

usefulness in relaxation training. 

Biofeedback-assisted cue-controlled relaxation training 

will involve two steps. 1) training subjects in deep-muscle 

relaxation and 2) repeatedly associating the relaxed state 

with a covertly produced cue. Through repeated pairings, the 

cue functions as a conditioned stimulus and elicits or facili-

tates relaxation. This research will utilize auditory 
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biofeedback of your level of muscle tension in your head, 

face, neck, shoulders, and the upper portion of your chest 

recorded from large electrodes placed over the frontalis 

muscle (forehead) in order to assist you in becoming as 

relaxed as possible. So that I may determine your level of 

muscle tension throughout the experiment, it will be 

necessary to place the harmless electrodes on your forehead. 

Your participation in this research will involve four 

sessions of approximately 75, 45, 30, and 60 minutes each, 

with the second and third sessions divided by a period of 

4 or 5 days wherein you will be required to do home practice 

of the relaxation techniques (cue-controlled relaxation). 

During the first part of the experiment there will be four 

10-minute periods, the first and third periods will be no-

stress conditions and the second and fourth will be stress 

conditions. During the second 10-minute period you will 

receive periodic mild electric shocks from a band placed 

around your wrist. During the fourth 10-minute period you 

will receive loud tones. The shocks and tones will serve as 

stressors and may increase your anxiety level and muscle 

tension. These procedures will be repeated during the last 

part of the experiment. 

Because of the individual differences in levels of 

muscle tension; I may not be able to use you for this 

research. You will be notified of this shortly after the 

initial phase of the experiment. If I cannot use you in the 
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study and you still want treatment, you will be offered a 

referral to the Psychology Clinic or the Counseling and 

Testing Center at NTSU. If you do participate in the study 

and it appears that you may profit from further training, 

you may be asked to return sometime after the completion 

of the study. 
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Appendix I 

Explanation and Instructions for Pretraining 

in Self-directed Relaxation 

If yopr level of muscle tension is sufficiently high 

relaxation training may be of some benefit. First, however 

I would like to give you a chance to demonstrate what skills 

you may already possess for reducing the muscle tension of 

your body. The majority of people can decrease their muscle 

tension. Decreasing muscle tension is possible if you con-

centrate on your muscles and try to relax them. You may also 

find, that focusing on certain pleasant images is helpful. 

Reducing bodily muscle tension is indicative of changes in 

motor unit activity and is associated with a lowered arousal 

level in the body. Thus, when you are learning to make your 

body more relaxed, you are making it less likely that you will 

feel anxious and uptight. Tor the next 10 minutes then, pse 

any skills you may have for becoming as relaxed as you can* 

The only restrictions are that you must remain awake but you 

may close your eyes, and you must remain quiet and still. 



60 

Appendix J 

Instructions for Self-directed Relaxation 

While Under Shock-stress 

During the next 10 minutes you are to receive periodic 

mild electric shocks from the band which I placed around 

your wrist. While you may experience some anxiety and an 

increase in your level of muscle tension, it is important 

that you continue to practice your relaxation techniques for 

the entire time period. In order to decrease your muscle 

tension and to become as relaxed as possible, use those 

skills, or any others you can think of, which you previously 

used during the last 10 minutes. You may do anything you 

wish to make yourself relaxed. Remember, however, that you 

must keep practicing your relaxation techniques and remain 

quiet and still. 
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Appendix K 

Instructions for Self-directed Relaxation 

During Return to No-Stress Conditions 

Since your level of muscle tension has remained 

sufficiently high, relaxation training may be of some 

benefit. First, however, 1 would like to give you another 

chance to demonstrate what skills you may already possess 

for reducing the muscle tension of your body. You have just 

received periodic mild electric shocks and now I would 

like you to again try and reduce your muscle tension 

without the shocks. For the next 10 minutes then, use any 

skills you may have for becoming relaxed as you can. The 

only restriction is that you must continue practicing your 

relaxation techniques and remain quiet and still. 
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Appendix L 

Instructions for Self-directed Relaxation 

While Under Tone-stress 

Daring the next 10 minutes you are to receive periodic 

loud tones from the earphones which I will place around 

your head. While you may experience some anxiety and an 

increase in your level of muscle tension, it is important 

that you continue to practice your relaxation techniques 

for the entire time period. In order to decrease your muscle 

tension and to become as relaxed as possible, use those 

skills, or any others you can think of, which you previously 

used during the last 30 minutes. You may do anything you 

wish to make yourself relaxed. Remember, however, that you 

must keep practicing your relaxation techniques and remain 

quiet and still. 



63 

Appendix M 

Initial Training Instructions 

You have been selected to participate in the biofeed-

back-assisted cue-controlled relaxation training (with or 

without an avoidance conditioning component). By relaxing and 

reducing the tone's pitch which you will hear through the 

headphones, you can keep this table lamp off (and avoid 

receiving a shock). The lamp will flash (and you will receive 

a brief shock) if your muscle tension is too high. The timer 

light and the sound of the timer will werve as a signal that 

you have exceeded your threshold and have 15 seconds within 

which to reduce your muscle tension before the feedback lamp 

flashes (and you receive the shock). After you have achieved 

the necessary level of relaxation and reduced the feedback 

tone sufficiently, we will begin the cue-controlled training. 

Until that time, however, I want you to concentrate on reduc-

ing the tone's pitch, keeping the timer off and avoiding the 

lamp (and the shock), and becoming as relaxed as possible. 
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Home Practice Instructions 

You have now learned all the necessary procedures that 

will be used in the study to help you learn to relax. In 

order for you to relax more and further reduce your muscle 

tension you must practice the cue-controlled relaxation 

procedures on a daily basis. I want you to practice these 

procedures at least three times a day. Usually, the best 

times are when you wake up in the morning, at some break at 

mid-day or when you get home from school or work in the late 

afternoon, and before you go to bed at night. Spend at least 

10 minutes practicing each time. You may practice more often 

and the more you practice the better you will become at 

relaxing. Record all of this information on your self-report 

forms and return them when you come in next time. Do you 

have any questions? 
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Appendix 0 

Instructions for Cue-Controlled Relaxation 

While Under Shock-stress 

During the nest 10 minutes you are to receive periodic 

mild electric shocks from the band which 1 placed around 

your wrist. While you may experience some anxiety and an 

increase in your level of muscle tension, it is important 

that you continue to practice the relaxation techniques 

you learned during training for the entire period. In 

order to Increase your muscle tension and to become as 

relaxed as possible, use the cue-controlled relaxation 

skills you previously used during the last 10 minutes. 

Other subjects like yourself have used such cue-controlled 

relaxation techniques to overcome anxiety when exposed to 

electric shock as well as other stressors. Remember, 

you must continue to practice relaxing and remain quiet 

and still. 
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Appendix P 

Instructions for Cue-Controlled Relaxation 

While Under Tone-stress 

During the next 10 minutes you are to receive periodic 

loud tones from the earphones which I will place around 

your head. While you may experience some anxiety and an 

increase in your level of muscle tension, it is important 

that you continue to practice the relaxation techniques 

you learned during training for the entire period. In order 

to decrease your muscle tension and to become as relaxed as 

possible, use the cue-controlled relaxation skills you 

previously used during the last 30 minutes. Other subjects 

like yourself have used such cue-controlled relaxation 

techniques to overcome anxiety when exposed to electric 

shock as well as other stressors. Remember, you must 

continue to practice relaxing and remain quiet and still. 
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Mean EMG (mV) During Pre- and Posttraining 
No-Stress and Stress Conditions 
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Pretraining Posttraining 

S a Gb NSC Sd NS® S f NSC NS® S f 

1 1 9.94 10.79 5.78 4 .70 3.20 5 .65 3.54 3.19 
2 1 5.21 6.12 4 .48 3.69 14.78 15.50 4 .75 3.91 
3 1 10.62 7.63 7.48 5 .94 5.35 7.33 6.12 3.77 
4 1 6.84 6 .39 6 .07 6.86 2.56 10.45 3.68 3.09 
5 1 4 .49 9.29 4.06 3.22 3.70 7.12 4 .37 2.60 
6 1 6.56 7.99 2.64 3.87 .13 5.92 4 .97 2.79 
7 1 4 .37 3.74 5.06 4 .45 4 .45 4 .39 3 .13 4 .15 
8 1 4 .36 5.00 4 .08 5.35 1.70 3.48 2.19 3 .53 
9 1 4 .95 7.88 4 .83 4 .53 4.72 9.13 5.16 4 .49 

10 1 4.00 5 .53 4 .27 5.02 3 .34 11.66 3.78 3.27 

Group 1 
Means 6.13 7.04 4 .88 4.76 4 .39 8.06 4 .17 3 .48 

U 2 4 .50 12.56 3.21 2.18 2.66 4 .27 2.42 2.28 
12 2 12.03 9.70 7.24 7.60 3.60 3.90 3.42 2.79 
13 2 5 .44 10.21 5 .53 5.94 2.88 6.10 3 .05 2.41 
14 2 4.80 4.56 4.40 5.51 5 .27 6.77 5.53 3.21 
15 2 4 .23 8.52 3 .63 3 .15 3 .78 9.07 4.01 3 .04 
16 2 4 .03 6.52 3.17 3 .75 3.34 6.41 3.36 3.56 
17 2 4.31 8.36 5.81 3.69 4 .23 4.72 2.93 2.14 
18 2 5 .57 11.92 4 .67 4.12 7.23 18.08 5 .34 4 .69 
19 2 4 .73 5 .99 3 .37 3 .89 2.68 4 .55 2.95 3.19 
20 2 4 .35 12.46 4 .73 4 .79 2.84 5 .75 2 .24 2.54 

Group Z 
Means 5.40 9.08 4 .58 4 .46 3 .85 6.96 3 .53 2.99 

^Subject Number 
cGroup Number 
Base line No-stress 
_Shock-stress 
-Return to No-stress 
Tone-stress 
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Appendix E 

Correlation Coefficients for EMG Means Pre 
With Posttraining for Each Conditions 

EMG Mental Muscle Tension 
Tension Tension Observa-

tions 

Precondition la with 

Postcondition la -.02 ,05 .16 .06 

Precondition 2b with 

Postcondition 2b .09 .19 .12 .44 

Precondition 3C with 

Postcondition 3C .43 .34 .30 .41 

Precondition 4d with 
Postcondition 4<* .22 .35 -.04 .23 
aBaseline No-stress 
"Shock-stress 
Re turn to No-stress 

"Tone stress 
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Mean Subjective Mental Tension Ratings During Pre-
and Posttraining No-stress and Stress Conditions 
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Pre training. Post training 

s a Gb NSC S* NS* Sf NSC Sd NS* Sf 

1 1 1 .67 3 .17 3 .00 2 .67 1 .67 2 .00 1 .16 1 .33 
2 1 5 .17 8 .33 5 .00 5 .33 4 .83 5 .00 4 .00 4 . 1 7 
3 1 3 .17 2 .50 2 .67 3 .00 2 .17 3 .17 3 .17 2 .67 
4 1 4 .17 4 . 6 7 3 .33 3 .67 3 .83 4 . 6 7 3 .50 3 .67 
5 1 3 .83 3 .67 3 .00 2 .17 3 .33 4 .00 2 .50 2 .83 
6. 1 3 .00 4 .67 3 .00 6 .00 3 .17 8 .00 8 .50 5 .00 
7 1 4 .17 8 .17 6 .50 6 .17 3 .17 6 .17 3 .33 1 .50 
8 1 3 .33 4 .50 2 .17 2 .83 3 .00 3 .67 3 .00 3 .00 
9 1 2 .17 3 .00 2 .17 2 .17 3 .33 4 .17 2 .50 2 .17 

10 1 4 . 0 0 4 .67 2 .83 4 . 1 7 1 .67 1 .00 1 .00 1 .33 

Group 1 
Means 3.47 4 . 7 4 3 .37 3 ,82 3 .02 4 .19 3 .27 2 .77 

11 I 6 .50 6 .83 4 .83 4 .50 2 .83 2 .33 2 .17 2 .00 
12 2 8 .17 8 .00 8 .00 8 .00 2 .00 2 .67 2 .17 1 .50 
13 2 3 .00 5 |67 2 .50 1 .67 1 .33 1 .17 1 .00 1 .00 
14 2 2 .83 4 .00 2 .83 3 .00 4 .00 3 .83 3 .33 3 .00 
15 2 3 .33 3 .33 1 .83 2.50 3 .83 2 .33 2 .00 1 .17 
16 2 5 .17 5 .33 3 .33 2.50 1 .50 4 .83 1 .33 1 .83 
17 2 6 .67 6 .00 4 . 6 7 7 .67 4 .67 5 .17 4 . 6 7 5 .33 
18 2 3 .67 4 . 1 7 3 .50 4 .83 3 .33 5 .17 4 .33 4 .33 
19 2 5 . 1 7 4 . 6 7 3 .67 3 .67 2 .00 2 .67 2 .33 2 .50 
20 2 2 .83 4 .67 2 .00 1 .83 2.50 2 .67 1 .33 2 .00 

Group 2 
Means 4 .73 5 .27 3 .72 4 .02 2 .80 3 .28 2 .47 2 .47 

^Subject Number 
"Group Number 
^Baseline No-stress 
"Shock-stress 
^Return to No-stress 
Tone-stress 
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Appendix T 

Mean Subjective Muscle Tension Ratings During Pre-
and Posttraining No-stress and Stress Conditions 

JPretraining Posttraining 

NSC S* NS® Sf NSC Sd NS® s f 

1 1 2 . 6 7 4 . 8 3 3 , 5 0 3 . 1 7 1 . 5 0 3 . 3 3 1 . 6 7 1 . 6 7 
2 1 3 . 3 3 6 . 6 7 3 . 5 0 4 . 8 3 4 . 8 3 3 . 6 7 2 . 6 7 3 . 6 7 
3 1 1 . 5 0 2 . 0 0 2 . 0 0 2 . 0 0 1 . 5 0 2 . 8 3 2 . 8 3 2 . 1 7 
4 1 4 . 6 7 5 . 3 7 4 . 5 0 5 . 0 0 4 . 1 7 5 . 5 0 3 . 8 3 4 . 3 3 
5 1 3 . 5 0 2 . 5 0 2 . 8 3 1 . 6 7 2 . 8 3 3 . 1 7 2 . 1 7 2 . 1 7 
6 1 3 . 1 7 6 . 0 0 4 . 5 0 6 . 5 0 3 . 8 3 8 . 0 0 8 . 6 7 5 . 0 0 
7 1 2 . 6 7 7 . 6 7 6 . 1 7 6 . 3 3 3 . 5 0 5 . 5 0 2 . 5 0 1 . 5 0 
8 1 3 . 5 0 4 . 8 3 2 . 5 0 2 . 8 3 4 . 0 0 4 . 1 7 3 . 3 3 3 . 1 7 
9 1 6 . 5 0 7 . 0 0 6 . 1 7 6 . 3 3 5 . 1 7 4 . 5 0 3 . 1 7 3 . 1 7 

10 1 4 . 3 3 5 . 5 0 3 . 6 7 4 . 8 3 2 . 0 0 1 . 3 3 1 . 1 7 1 . 8 3 

Group 1 
2 . 8 7 Means 3 . 5 8 5 . 2 4 3 . 9 3 4 . 3 5 3 . 3 3 4 . 2 0 3 . 2 0 2 . 8 7 

11 2 5 . 0 0 4 . 1 7 4 . 6 7 3 . 1 7 2 . 3 3 2 . 0 0 1 . 5 0 1 . 5 0 
12 2 7 . 5 0 8 . 3 3 8 . 8 3 9 . 0 0 3 . 6 7 2 . 6 7 3 . 1 7 2 . 1 7 
13 2 1 . 6 7 6 . 0 0 2 . 8 3 2 . 3 3 1 . 5 0 1 . 0 0 1 . 0 0 1 . 0 0 
14 2 4 . 1 7 6 . 0 0 5 . 0 0 5 . 6 7 4 . 1 7 4 . 0 0 3 . 3 3 3 . 1 7 
15 2 3 . 1 7 2 . 8 3 2 . 0 0 3 . 0 0 2 . 8 3 2 . 0 0 1 . 6 7 1 . 0 0 
16 2 5 . 3 3 5 . 0 0 2 . 5 0 2 . 1 7 1 . 3 3 3 . 6 7 1 . 3 3 1 . 8 3 
17 2 3 . 6 7 2 . 1 7 2 . 0 0 3 . 5 0 2 . 5 0 2 . 8 3 2 . 0 0 2 . 6 7 
18 2 2 . 0 0 5 . 1 7 3 . 8 3 4 . 5 0 2 . 5 0 5 . 3 3 4 . 3 3 4 . 3 3 
19 2 5 . 6 7 4 . 6 7 3 . 1 7 3 . 3 3 3 . 0 0 3 . 1 7 2 . 0 0 2 . 1 7 
20 2 2 . 0 0 3 . 6 7 1 . 8 3 2 . 3 3 1 . 5 0 1 . 6 7 1 . 5 0 1 . 6 7 

Group 2 
Means 4 . 0 2 4 . 8 0 3 . 6 7 3 . 9 0 2 . 5 3 2 . 8 3 2 . 1 8 2 . 1 5 

*Subject Number 
"Group Number 
^Baseline No-stress 
"Shock-stress 
^Return to No-stress 
Tone-stress 
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Appendix U 

Mean Behavioral Observation Ratings (Mean of Means) During 
Pre- and Posttraining No-stress and Stress Conditions 

Pretraining Posttraining 

S a Gb NSC Sd NSe S f NSC 
s d NS® S f 

I 1 3.13 3.17 3.12 3.05 2.87 3.02 2.93 2.83 
2 i 3.00 3.13 3.03 3.12 3.00 3.10 3.00 3.00 
3 1 3.20 3.28 3.10 3.10 2.72 2.82 2.80 2.80 
4 1 3.83 3.42 3.20 3.27 2.98 3.10 3.10 3.00 
5 1 3.10 3.10 2.90 3.00 2.78 2.82 2.85 2.72 
6 1 3.15 3.13 2.63 2.65 3.07 2.07 3.25 3.20 
7 1 3.17 3.20 3.20 3.28 3.10 3.22 3.03 3.05 
8 1 3.42 3.25 3.27 3.23 2.93 2.92 2.95 2.93 
9 1 3.23 3.22 3.20 3.17 3.10 3.18 3.13 3.13 

10 1 3.13 3.20 3.12 3.12 2.58 2.70 2.70 2.72 

Group 1 
Means 3.02 3.17 3.02 3.02 2.60 2.97 2.60 2.60 

H 2 3,10 3.05 2.87 2.80 2.77 2.77 2.70 2.73 
12 2 3.27 3.20 3.20 3.20 2.85 2.93 2.77 2.87 
13 2 3.10 3.10 3.03 3.08 2.82 2.95 2.93 2.90 
14 2 3.35 3.35 3.35 3.35 3.17 3.20 3.12 3.05 
15 2 3.05 3.33 3.28 3.33 3.10 3.18 3.03 3.12 
16 2 3.42 3.43 3.12 3.25 2.90 3.03 2.87 3.07 
17 2 3.05 3.02 3.03 3.15 3.03 3.07 3.00 3.02 
18 2 3.45 3.30 3.22 3.28 3.00 3.10 3.05 3.02 
19 2 3.47 3.28 2.83 3.15 3.13 3.15 3.10 3.10 
20 2 3.18 3.13 3.10 3.17 2.92 3.03 2.95 2.97 

Group 2 
Means 3,33 3.42 3.12 3.05 2.60 2,82 2.50 2.6,3 

*Subject Number 
Group Number 
^Baseline No-stress 
Shock-stress 
®Return to No-stress 
*Tone-stress 
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